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STUDIES ON THE DISTRIBUTION, GROWTH, AND CELLULOLYTIC 
ACTIVITY OF FUNGUS ORGANISMS CAUSING DETERIORATION OF 
RAW AND FINISHED PRODUCTS 


RapiA KHANUM* AND Q. A. AHMED} 


Department of Botany, University of Dacca, Dacca, East Pakistan 


Introduction 


Fungal deterioration of all kinds of raw and 
finished goods is a severe problem in East Pakistan, 
because the climatic conditions are such as to 
furnish nearly optimum temperature and humidity 
during the six rainy months from May to October.? 
This fungal deterioration is of especial importance 
in the storage of cotton yarn and jute fibres, and 
therefore it was considered of importance to 
undertake a systematic study of fungal deteriora- 
tion with reference to: (1) the most frequently occur- 
ring fungus organisms in mildewed materials, 
(2) the optimum conditions for their growth, 
and (3) their cellulolytic activity with reference 
to cotton and jute fibres. The present communi- 
cation describes the results obtained in these three 
directions. 


Distribution of Fungus Organisms Isolated 
from Deteriorated Materials 


A systematic isolation of fungus organisms 
from various mildewed substrata such as cotton 
fabrics, jute fibres, leather articles, paper, rexin 
coverings, camera lenses and other industrial 
finished products was carried out. Altogether 
a total of 24 organisms were isolated from the 
above sources. 


The medium used for isolation was Waksman’s 


*At present Lecturer in Botany, Dacca College, Dacca. 
TAt present Plant Pathologist, Jute Research Institute, Dacca. 


glucose peptone medium (glucose 10 g., peptone, 
5 8-3 potassium dihydrogen phosphate 1.0 g.; 
magnesium sulphate 0.5 g.; agar, 20 g.; water 
1000 ml.; adjusted to pH 3.8-4). 


To each sterilised petri dish about 20 ml. of 
sterilised medium was added. After the medium 
had solidified the isolation was made in several 
ways as follows : 


(i) Spores were dusted or discharged naturally 
over the medium. 

(ii) Spores were transferred by touching the 
head of the organisms with a sterile 
needle. 

(iii) Spores were discharged over the medium 
by scraping the substrata, such as leather 
goods, rexin coverings etc., by means 
of a sterile scalpel. 

(iv) In case of cotton threads, jute fibres 
etc., the infected portions were cut into 
small pieces, transferred to culture dishes 
by means of sterile forceps and placed 
on the medium. 


The culture dishes were incubated at 30°C. 
for 3-5 days before isolation could be made. In 
many cases a second or third isolation had to be 
made for freeing from bacterial and fungal 
contaminations. Single hyphal and monosporic 
cultures were made finally for obtaining pure 
culture. 

For 


the identification of Penicillium and 
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Aspergillus species Czapeck’s medium 
(sodium nitrate, 2 g.; potassium hydrogen 
phosphate, 1.0 g.; potassium chloride 0.5 g.; 


magnesium sulphate 0.5 g.; ferrous sulphate 
0.01 g. ; sucrose, 30 g. ; agar, 20 g.; water 1000 ml.) 
was used. Raper and Thom? used this medium 
for specific identification. For other fungi potato 
dextrose agar medium (peeled potato, 200 g. ; 
glucose, 20 g. ; agar, 20 g.; water, 1000 ml.) 
was used and identification was made from Gil- 
man’s 3 “Soil Fungi” and from Smith’s4 ‘* Intro- 
duction to Industrial Mycology.” 


The organisms isolated from different subs- 
trata have been listed in Table 1. 


It wiil be seen from the above table that 
Penicillium and Aspergillus appeared most widely 
in most of the mildewed articles and they were 
represented by 10 and 7 species respectively. 
Memnoniella echinata has been found to cause 
damage to many items made up of cotton fabrics 
when exposed to the weather condition in humid 
tropical areas.4 Among other organisms Curvu- 
laria lunata and Fusarium conglutinans from 
Vita glucose tablets, Paecilomyces sp. from camera 
lens, Chaetomium globosum, Trichoderma lignorum 
and Cunninghamella sp. from jute sackings may be 
mentioned. 


Spore Germination Tests in Relation to 
Controlled Humidity 


The next step in the present study was to 
determine the influence of relative humidity upon 
the germination and the elongation of germ tubes 
of the fungi Memnoniella echinata, Penicillium 
terlikowskit, P. funiculosum and Chaetomium globosum 
isolated from deteriorated cotton fabrics and jute 
sackings in the previous experiment. For the 
case of Aspergillus niger, Bonners could find the 
relative humidity requirement for the germination 
to be as low as 70%. 


A simple method of conducting such test was 
devised following Clayton’s® work by suspending 
cover glasses with spores of the test organisms over 
different solutions supposed to produce theore- 
tically definite humidity. Salt of oxalic acid of 
analytical reagent grade, analyzed sucrose, and 
redistilled water were used in the preparation of 
the required solutions. 


The humidity chambers were set up by a 
series of air-tight wide-mouthed bottles (250 ml. 
capacity) having their lids and upper region of 
the neck portion grounded. The chambers were 
thoroughly cleaned and washed with redistilled 
water. 


The experiment was carried out with 100, 
99-85, 99-04, 99.03, and 96.0% relative humidities. 


These were respectively made out of redistilled 


water, 0.10, 


0.50, 1.0 molar 


solutions of 


sucrose and saturated solutions of oxalic acid.® 


TABLE 1.—ListT OF FuNGI ISOLATED FROM THE 
RESPECTIVE SUBSTRATA. 


Fungi 


Substrata 


Aspergillus flavus 
A. fumigatus 

A. luchuensis 

. niger 

. ruber 


sydowi 


ma 


. terreus 
Chaetomium globosum 
Curvularia lunata 
Cunninghamella sp. 
Fusarium conglutinans 
Memnonieila echinata 
Paecilomyces sp. 
Penicillium adamet zi 
P. canescens 

P. charlesii 

P. citrinum 

P. funiculosum 

P. phoenicium .. 

P. restrictum 

P. terlikowskii 
Penicillium sp. 


Penicillium sp. 


Trichoderma lignorum 


leather 
leather, Vita glucose 
jute, cotton 

cotton 

leather 
leather, condensed milk 
cotton 
jute 

Vita glucose 
jute 

Vita glucose 

cotton 

lens 

silk 

paper 

leather 

paper, condensed milk 
jute 

tobacco 

rexin, Vita glucose 
cotton, leather, wool 


cotton 


paper 


jute 
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To each of the humidity chambers for 99.85, 
99-04, and 98.03 percentages of relative humidity, 
was added 46 ml. of the respective molar solutions 
of sucrose. The chambers were then autoclaved 
at 100°C. for 10 minutes to inactivate enzyme 
possibly present in sucrose. Later, 10 mg. of 
potassium dichromate was dissolved in 4 ml. 
of water and was added to each of the chambers 
after they had cooled. Potassium dichromate 
was added to prevent the growth of any organisms 
in jthese sucrose solutions. To the remaining 
two sets of humidity chambers, one received 50 mi. 
of redistilled water for giving 100% humidity, the 
other one received 50 ml. of saturated oxalic acid 
solution and thus used for the purposeof humidity 
chamber giving 96.0%, relative humidity. 


Cover glasses used as spore-carriers were tho- 
roughly cleaned in acid and rinsed several times 
in distilled water and kept for 24 hours in redis- 
tilled water and dried with ciean cloth. Non- 
nutritive spore carriers were used because the 
presence of extraneous material would effect the 
relative humidity surrounding the spores.§ 


Spores were brushed over the cover glass. 
Each spore carrier was then attached to one end 
of a glass rod with paraffin. The paraffin was 
heated before its use to get rid of any volatile 
materials. The lower end of the glass rod bearing 
the spore carrier was embedded on a glass ring 
which was attached to the glass lid of the humidity 
chamber with paraffin (Fig. 1). Three such 
spore-carriers were embedded in each humidity 
chamber. The chambers were shaken gently at 
regular intervals of time taking care that no 
splashing of the solution within them occurred. 
This was done to minimize stratification of atmos- 
phere or of the solution within the chamber. 


Fig.I.— Spore carrier and humidity chamber. 


At the end of each test spores were stained 
with cotton blue glycerine and observed under 
microscope for making counts. The germinated 
spores with their germ tubes this way stained 
blue and helped easy counting and observation. 
Spores mounted in this way also could be kept 
for long time for later observation. 


Rectangular cover glasses were used in this 
experiment for carrying spores of the organisms 
to be tested. Spores were brushed at one end of 
the cover glass and this end remained suspended 
towards the solution inside the chamber and 
examined after 24 and 48 hours incubation at 
30-31°C. Usually ten counts were taken from 
one end of the cover glass to the other, pushing 
it horizontally and from ten different microscopi- 
cal fields. For finding out percentage of germi- 
nation altogether about 1000 spores were counted 
for each of the organisms, M. echinata, P. terliko- 
owskit and P. funiculosum while with Ch. globosum, 
a little over 500 ascospores were observed. The 
length of the germ tubes were measured by means 
of ocular micrometer and the mean result of 10 
measurements are noted in Table 2. 

Data presented in Table 2 showed that with 
all the four organisms tested the higher the relative 
humidity the greater was the percentage of germi- 
nation of the spores. The mean percentages 
of germination of spores of the four test organisms 
at a relative humidity of 100% after 24 hours 
were between 70-80% and after 48 hours approxi- 
mately 10% more spores germinated. At relative 
humidity of 99.85, 99-04 and 98.03%, the germi- 
nation rates were progressively lower than those 
obtained at 100%. The mean germination at 
a relative humidity of 99.85% after 24 hours 
was 26-31% and after 48 hours 30-36%. 
Similarly, at 99.04% the mean germination of 
spores with the four organisms ranged between 
20-25% after 24 hours and 25-30% after 48 
hours ; at 98.03% the figures were 12-16% 
after 24 hours and 15-17% after 48 hours, 
whereas germination was zero to very few at 


96%. 


As noted above the length of the germ tubes 
were also found to be strongly dependent upon 
the percentage of relative humidity, an increase 
from 98% to 100% producing a two to four fold 
increase in length of the germ tubes. 


Assay of Cellulolytic Activity of the impor- 
tant Fungi attacking Cotton Yarns 
and Jute Fibres 


Three species of fungi, Memnoniella echi- 
nata, Penicillium terlikowskii and Aspergillus niger 
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TABLE 2.—GERMINATION OF SPORES AND LENGTH OF GERM TUBES OF FouR FUNGI AT DIFFERENT 
RELATIVE HuMIDITY AFTER 24 AND 48 Hours ExposurREs. 


Mean germination of spores at relative humidity 


100% 99-85% 99-04% 98.03% 
Exposure Exposure Exposure Exposure 
24 48 24 48 24 48 24 48 
hrs. hrs. hrs. hrs. hrs. hrs. hrs. hrs. 
Memnoniella echinata 70 88 30 33 24 25 14 16 
Penicillium terlikowskii 73 87 31 34 25 26 15 16 
P. funiculosum 80 go 30 36 23 30 16 17 
Chaetomium globosum 70 83 26 30 20 27 12 15 
Mean length (in ») of the germ tubes 
M. echinata 50 78 30 58 26 46 19 21 
P. terlikowskit 50 74 27 54 22 47 18 25 
P. funiculosum 46 63 32 46 23 34 17 27 
Ch. globosum 47 68 39 60 32 5! 24 26 


isolated from cotton fabrics and two _ species, 
Chaetomium globosum and Penicillium funiculosum 
from jute sackings were used in this experiment. 
All determinations on the rate of cellulose decom- 
position were made with cotton threads and jute 
fibres, which were cut into a number of equal 
pieces for the work. About 30 pieces of the threads 
and fibres were placed on one microscope slide 
and tied at both their ends. Two such slides 
were placedina single pair of petri dishes equipped 
with two Whatman No. 4 filter papers. Four 
dishes thus equipped were autoclaved for 15 
minutes at 15 lbs. pressure. After cooling 
3 ml. sterilised water was added to each dish. 
Spores were dusted over the sterilised threads and 
fibres by the help of camel hair brushes, 
also. sterilised previously by autoclaving. After 
inoculation the plates were kept in a saturated 
moist chamber. This was made by filling the 
lower part of a large sized glass dessicator with 
redistilled water and placing the dishes on the 
wire-netting which rested over the false bottom. 


After incubation at 30-31°C. for the requi- 
site number of days the thread and fibres were 
removed. Harvesting was accomplished by 


transferring them to 70% ethanol for several 
minutes and then washing with distilled water. 
The excess water was drained and the threads 
and fibres laid on blotting paper to dry. 
The dried materiai was conditioned at 55% 
relative humidity for 24 hours before the breaking 
strength was measured. 


The breaking strength of the fibres was deter- 
mined with an apparatus as shown in Fig. 2. 
This consists of an ordinary balance in which the 
left pan has been replaced by two clips A and B. 
A is suspended from the left beam while B is attached 
to the balance pillar and can be moved up and 
down by rack and pinion arrangement. A and B 
lie in the same vertical line. 


The fibres were rarely uniform in the true sense 
of the term as observed under a microscope 
the diameter is never the same _ throughout. 
The breaking weight being essentially dependent 
on the cross sectional area of the fibre, some pieces 
of cotton yarns and jute fibres at random were 
examined under a microscope at different parts 
of their entire length and mean diameter was 
determined. These mean diameters of different 
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Fig.2.— Showing the parts of the apparatus for 
determination of breaking strength of fibres. 


pieces of cotton yarns and jute fibres though 
somewhat varied but for the present purpose 
were considered to be uniform. 


After carefully clamping a single fibre at both 
ends A and B, C was slowly turned to stress the 
fibre properly so that on releasing the pan the 
pointer remained at the zero position. The 
tightening of the fibres by the clamp A and B 
required the greatest skill ; if it be too tight at 
either end the fibres break evidently with a 
lesser weight. When this took place the reading 
was discarded. The weights were very slowly 
and gradually increased, for it had been found 
that a fibre not breaking with a greater weight 
broke with a smaller one when the latter was 
placed at once. It was also noticed that at a 
certain weight the fibre did not break as soon as 
the beam was raised but only after a few seconds. 


The yarn used for the experiments on cotton 
was of 22 count.* One of the four dishes contain- 


* By courtesy of No. I Dhakeshwari Cotton Mills, Narayan- 
ganj, Dacca. 
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ing samples, mounted and sterilized zs described 
above, was kept as control and the other three 
were respectively inoculated with the spores of 
the test organisms, M. echinata, P. terlikowskii 
and A. niger, by brushing over the threads. After 
inoculation the dishes were kept in the moist 
chamber. Assay of the breaking strength was 
made after one, two, three, four, and six-weeks’ 
growth of the organisms by taking out each time 
from each dish about 10 to 12 pieces of cotton 
yarns, washing, conditioning and then measuring 
the strength as describzd above. Fig. 3 shows the 
mode of growth of M. echinata on fibres of cotton 
yarns. 


Fig.3.— Memnoniella echinata on cotton fibres 
showingconidiophores and conidia. 


With jute fibres similar steps as above were 
followed. But here the organisms used were 
Chaetomium globosum and Penicillium funiculosum 
and the measurements of the breaking strength 
started from second week. Figure 4 shows a 
single perithecium of Ch. globosum growing on 
jute fibres. 


Fig.4.— Chaetomium globosum on jute fibres showing 
asingle perithecium 
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TABLE 3.—COMPARATIVE CELLULOLYTIC ACTIVITY OF THREE SPECIES OF FuNGI AFTER GROWING 
THEM ON COTTON FIBRES FOR DIFFERENT LENGTHS OF TIME (IN WEEKS). 


Mean breaking weight of 10 measurements in g. ; 

Control M. echinata terlikowskii A. niger 

Pest... vid 290.8 230.4 238.5 265.6 

Second .. 282.5 124.0 189.3 217.5 

Third 276.8 102.2 178.1 189.2 : 
Fourth .. 271.0 93-4 131.6 159-8 

Sixth’ 261.8 51.0 100.2 128.7 : 


The mean of the results noted by measuring 
the breaking strengths of 10 fibres of each kind 
(cotton and jute) per week per treatment was 
tabulated in Tables 3 and 4. 


Data presented in Table 3 showed the relative 
destructive abilities of the three test organisms. 
Within six weeks M. echinata reduced the strength 
of the yarns to one fifth of their original strength 
and the other two organisms could reduce the 
strength a little over half with reference to the 
yarns present in control dishes. 


Table 4 showed the relative degradations of 
jute fibres from week to week with Chaetomium 


TABLE 4.—COMPARATIVE CELLULOLYTIC ACTIVITY 
or Two Species oF FuNGI ON JUTE FIBRES 
AT DIFFERENT INTERVALS OF TIME. 


Mean breaking weight of 
10 measurements in g. 
Week No. 
Ch. P. 
Control globo- —_funi- 
sum culosum 


and Penicilium inoculated sets. In the control 
sets the breaking weights after second week and 
sixth week were 42.2 and 37.5 g., respectively. 
During the same _ corresponding times with 
Chaetomium the weights needed to break the yarns 


were 22.7 and 7.6 g. With Penicillium these 


breaking weights were respectively 34.7 and 15.1 g. 
Conclusions 


In this experiment with Memnoniella echinata 
the percentage of loss in breaking strength at 
7, 14, 21, 28, and 42 days harvest was approxi- 
mately 16, 55, 63, 66 and 78, respectively. The 
breaking strength values for the corresponding 
harvests were 230.4, 124.0, 102.2, 93.4 and 
51.0 g., respectively. The values of the average 
of controls has been used in all calulations. 
A small loss of breaking strength was found for the 
controls during the whole period of the work 
(Fig. 5), and this may be attributed to stray bac- 
terial contamination occuring when the moist 
chambers were opened every week for removal of 
test samples. 


The percentage of loss in breaking strength of 
the cotton yarns with Penicillium terlikowskit after 
7, 14, 21, 28, and 42 days harvest was approxi- 


Ss mately 14, 31, 35, 52 and 60, respectively. 
The breaking strength for corresponding harvests 
Thi were 238.5, 189.3, 178.1, 131-6 and 100.2 g., 
— ite ale =? respectively. The loss of breaking strength was 
11.9 23.4 much less when compared to Memnoniella echinata. 
Sixth re 7.6 15.1 With Aspergillus niger treated cotton yarns the 


percentage of loss in breaking strength at the 
above intervals of time was 4, 21, 32, 42 and 
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2nd week 3rd week 4thweek 6th week 


1st week 


Fig.5.— Percentage of strength of variously treated cotton yarns after 
five successive periods. 


Control yarns. 
Yarns on which Aspergillus niger had been grown. 
WW, 


Yarns on which Memnoniella echinata had been grown. 


Yarns on which Penicillium terlikowskii had been grown, 


53, respectively. Their breaking strengths were 
respectively 265.6, 217.5, 189.2, 159.8 and 128.7 g. 


Among the three fungi tested on cotton yarns 
M. echinata was found to cause greater loss in the 
breaking strength of the yarns than the other 
two. 


The jute fibres when treated with Chaetomium 
globosum and Penicillium funiculosum the percentage 
of loss in breaking strength with Chaetomium was 
far greater than the Penicillium. The percentage 
of loss in breaking strength after 14, 21, 28 and 
42 days harvest was 43, 47, 70 and 81, resepec- 
tively, with the Chaetomium. In the corresponding 
intervals of time with P. funiculosum the percentage 


6th week 


2nd week 3rd week 4th week 


Fig.6.— Percentage of strength of variously treated jute fibres after 
four successive periods. 


Control fibres. 


((_] Fibres on which Penicillium funiculosum had been grown. 


Fibres on which Chaetomium globosum had been grown. 


of loss in breaking strength was 11, 30, 41 and 62, 
respectively (Fig 6). 
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AUTOXIDATION REACTIONS IN THE PRESENCE OF LIGHT-SENSITIZED 
CHLOROPHYLL 


Nurut ABsAR KHAN 


East Regional Laboratories, Pakistan Council of Scientific and Industrial Research, Tejgaon, Dacca 


Introduction 


The oxidation of substances under the influence 
of visible light in the presence of fluorescent 
pigments, especially chlorophyll, has several 
interesting aspects : first, the problem of photo- 
dynamic action and assimilation of carbon dioxide 
in the green plant ; second, the chemical and 
physico-chemical problem of autoxidation and 
chemical reaction mechanism in general ; third, 
the industrial utiiization of the unlimited supply 
of solar energy through this energy-trapping 
natural substance, chlorophyll. The study of 
oxidation of fatty acid esters (the components of 
lipids found in ali plant cells) by means of photo- 
sensitized chlorophyll was therefore taken up 
specially as it may help elucidating some phases 
of oxidation of the fatty substances, and throw 
light on the parameters of the general problem 
of oxidative metabolism. 


From the work of Meyer,! Robinowitch? and 
Wassink,3 the reaction of chlorophyll and oxygen 
may be summarized as follows : 

(Chi)* + A(O,) —-> (Chl) + (AO,)E 
A being a compound with 
loose complex A(O;2) 


(AO,)— = A +0,-+-E, dependent on temperature 
and pH 
O,+ Chi* OB8, activation of oxygen 


Later findings show that 


(Chl) + O, —-—> (ChI)O,, a dissociable 
complex. 
fluorescence 
Chi*: — heat 


sas Ao (absorbing substrate) 


Furthermore, chlorophyll can act both as an 
oxidizing agent and a reducing agent, thus 


Chi* + Ox—-—> Ochl + rOx 
Chi* + Red—-—> rChl + O Red 


OChI + rChl——> 2 Chl 


This easily follows from the theory of Weiss¢ who 
has propounded that an electronically excited 
molecule has an increased tendency for giving 
away an electron, as well as a capacity for acquir- 
ing an electron to replace the one which was re- 
moved from its normal level. Ghosh et al., 5 
found that chlorophyll initiates oxidation-reduc- 
tion even in the absence of oxygen : 


Chi* + MeR ———-> (Chl*MeR) 
(methyl red) 


(ChI* MeR) + Ph ———> Chl + Leuco MeR 
(phenyl +-oxidized Ph. 
hydrazine) 


Livingstone et al.6 confirmed these results and 
indicated that activated chlorophyll may form 
complexes with substances other than oxygen, 
while Franck? proposed a_ two-step process,® 
involving free radicals in the case of photo-chlo- 
rophyll oxidation, which concept is supported 
by the evidence in a recent investigation by Uri.9 


In order to get a better insight into this me- 
chanism, the stability of chlorophyll in heptane 
solution has been studied : (a) alone, (b) mixed 
with a substrate without agitation and (c) mixed 
with a substrate agitated by oxygen gas both in 
the presence and in the absence of light. A 
mixture of methyl oleate and linoleate (6: 5) 
has been used to study some effects of temperature 
and solvent on_ chlorophyll-sensitized photo- 
oxidation. 


A plausible mechanism involving both comp- 
lex formation and oxidation reduction has been 
suggested for the photo-oxidation of methyl 
oleate and linoleate in the presence of chlorophyll. 
The results are substantiated by oxidation of 
simpler organic substances of requisite structure 
under similar conditions. 


Experimental 


Materials—The chlorophyll was extracted 
from spinach (palang) leaves by means of acetone 
(200-250 ml./150 g. midrib-free leaves) in a waring 
blender containing a small amount of magnesium 
carbonate. Acetone solution, 500 ml., was three 
times diluted with water and extracted with puri- 
fied petroleum ether (b.p. 30-60°C.). After 
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washing the petroleum ether solution with water, 
it was shaken with several portions of 80% metha- 
nol saturated with petroleum ether and containing 
0.01 g. oxalic acid to prevent allomerization. 
The petroleum ether solution, freed of methanol, 
was dried with anhydrous sodium sulphate. 
Sufficient dried sugar, to absorb the chlorophyll 
was agitated with the petroleum ether solution of 
chlorophyll. The sugar containing the preci- 
pitated chlorophyll was collected on top of a 
powdered sugar filter in a Buchner funnel. 
After washing the precipitate with petroleum 
ether, chlorophyll was eluted with purified ether, 
dried over anhydrous sodium sulphate and stored 
below 0°C. for use. Such ether solution'3 may 
be evaporated or diluted to attain the desired 
concentration of chlorophyll ‘a’ and ‘b’. 


For isolating chlorophyll ‘a’, the above solu- 
tion containing the mixture was chromatographed 
under nitrogen in the usual manner over a column 
of powdered sugar. The chlorophyll ‘a’ band 
(easily recognized by its bluish colour) was isolated 
by extruding the column and _ mechanically 
separating the chlorophyll ‘a’ fraction. It was 
redissolved in ether and recovered. The ether 
solution was evaporated to the desired concentra- 
tion and stored at 0°C. 


For crade chlorophyll solutions, the original 
acetone solution after dilution was directly ex- 
tracted with ether, washed, dried, evaporated to 
the proper concentration and stored below 0°C. 


The powdered sugar was dried at 90°C. for 
1 hour in a vaccum oven. The ethyl ether was 
purified by distilling first over anyhdrous calcium 
chloride and then over metallic sodium. Petro- 
leum ether, cyclohexane, n-heptane, n-decane, 
decalin and mineral oil were purified by agitation 
twice with concentrated sulphuric acid, twice with 
fuming sulphuric acid and then with acidified 
permanganate solution, to free them from un- 
saturates. After this treatment they were thorou- 
ghly washed with distilled water, dried over 
anhydrous calcium chloride and finally distilled 
(petroleum ether, cyclohexane, n-heptane, and 
n-decane at atmospheric pressure and mineral 
oil under vacuum). The middle fractions were 
used in all cases. Cyclohexene and _ tetralin 
were left for several days over potassium hyd- 
roxide pellets and then fractionally distilled over 
potassium hydroxide by means of the Podbielniak 
column (cyclohexene at atomospheric pressure 
and tetralin under vacuum). The constant boil- 
ing fraction was employed for the experiments. 
Naphthalene was purified according to the stand- 


ard methods.19 Methyl and ethyl alcohols were 
distilled over a mixture of zinc powder and 


potassium hydroxide pellets. Cottonseed oil 
methyl ester was prepared through methanolysis 
in the presence of sodium methoxide followed 
by vacuum distillation of the methyl esters. 
Methyl! oleate (iodine value, 84.3) and methyl 
linoleate (iodine value, 171.7, diene 0.15%) 
were obtained through the courtesy of the Hormel 
Foundation, U.S.A. The peroxide concentrates 
were prepared by means of contercurrent ex- 
traction, using the immiscible pair of solvents, 
petroleum ether and alcohol. Ethyl stearate was 
prepared by esterification of stearic acid!! in 
the usual manner (benzene and ethy! aclohol and 
2% concentrated sulphuric acid). In order 
to completely free the ethyl stearate from the 
oleate, the completely neutral stearate was sub- 
jected to hydrogenation in the presence of plati- 
num catalyst 1? and then crystallized twice from 
ethyl alcohol solution. 


Apparatus and Methods—The low temperature 
bath consisted of an 18” diameter jar fitted 
with a double-walled perforated annular 
tin vessel (Fig. 1) having an annular space 
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Fig. 1.—Perforated 
metal support for ice 
chips. 
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for holding ice chips and a clear 8” diameter 
space in the centre. The perforations allow the 
brine solution to come in contact with ice, while 
leaving the central region undisturbed by ice. 
The bath medium in the middle is stirred by an 
efficient motor. By proper manipulation and 
8-hourly addition of ice this bath could be main- 
tained at a temperature between -4°C. and 0°C., 
while iced water could be used for temperatures 
between 10° and 18°C. The light from a 300 W. 
photoflood bulb (cooled in its housing by forced 
ventilation) passed through a plate glass window, 
the Pyrex glass bottom of the bath, and a 6” layer 
of water before it reached the half litre three- 
necked Pyrex reaction flask. The flask was fitted 
with an inlet for dry oxygen or air (Corning fitted 
glass dispersion tube), a stirrer and an outlet 
provided with an anhydrous calcium chloride 
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absorption tube. The oxidation was carried out 
on 30% solutions of the substances in heptane, 
while hexane, cyclohexene, cyclohexane, tetralin, 
decalin, decane and the other solvents were 
employed as such (i.e., 100% pure) when they 
were used alone during oxidation reactions. The 
oxidized material was freed of chlorophyll pro- 
ducts by passing through a mixed column of 
charcoal and sugar'3 at 10-15°C. (ice-water 
jacket). 


The solutions of chlorophyll (a+b) in diffe- 
rent solvents, petroleum ether (b.p. 30°-60°C.), 
heptane, acetone, alcohol, ethyl ether and iso- 
octane (2.5 mg. per ml.) were left in stoppered 
Erlenmeyer flasks (cap. 250 ml. with 100 ml. 
solution, each) at 0°C., or close to it. The solu- 
tions were checked at intervals through obser- 
vations on degree of changes in green colour and 
fluorescence of chlorophyll. The degree of stability 
of the chlorophyll led to the oxidation studies on 
heptane in the presence of chlorophyll at 0°C. 


The cotton-seed oil mixed esters in heptane 
solution (30%) with chlorophyli (2.5 mg./ml.) 
was autoxidized in the absence of light by bubbling 
oxygen in a vessel covered with light-tight black 
paper. The photo-oxidations were conducted in 
a reaction vessel placed in the controlled tem- 
perature bath (Fig. 1), oxygen from a cylinder 
being bubbled through the reaction _ vessel. 
The peroxide number was determined for each 
substance at intervals by taking out aliquot portion 
of the substance autoxidized according to the well 
known methods published by Lundberg and 
Chipault.16 


Results and Discussion 


Chlorophyll (a + b ) was found to be unstable 
in petroleum ether, heptane and acetone and 
alcohols, even at 0°C. It was found to be very 
stable in ether, with its green colour persisting 
for a long time, but the activity of chlorophyll 
in causing photo-oxidation falls off after six months 
or so at temperatures below o°C. Ether used as 
solvent for storing chlorophyll at o°C. was found 
to help the experimentations of shorter duration. 
Chlorophyll (2.5 mg./ml.) did not catalyze the 
oxidationoy heptane even in two days at 0°C., but 
the chlorophyll changed colour to olive green. At 
17-18°C., chlorophyll became bleached without 
much effect on the heptane. Consequently, 
it was thereafter used as solvent for oxidations 
involving other substances, fatty acid esters in 
particular. Purified iso-octane preserved the 
green colour of chlorophyll for over 3 days at 
0°C. Iso-octane too is inactive towards oxidation 


by photo-sensitized chlorophyll at 0°C., indicating 
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lack of reactivity by secondary H-atom during 
such reactions in contrast to ordinary autoxi- 
dation. 


Without chlorophyll, the photo-oxidation of 
cottonseed oil mixed esters in heptane solution 
at o°C. was not appreciable. At 17-18°C., it 
was also quite slow. In the absence of light, 
chlorophyll increased the stability of mixed esters 
three times. This may be attributed to the possible 
consumption of available oxygen in the formation 
of chlorophyll-oxygen complexes without involving 
energy transfer from the light that initiates oxi- 
dation. Thus the resulting lack of oxygen in- 
directly protects mixed esters. 


Photochlorophyll oxidation of the unsaturated 
fatty acid esters proceeds at a rapid rate, much 
higher than that for ordinary photo-oxidation. 
This is brought out in Table 1 and Fig. 2, which 
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Peroxide values 


Time in hours 


Methyl oleate at-2 to- With 
© Methy! linoleate at 2toI* Chlorophyll 


o Methyl! linoleate at 


17-18° Without 
Methyl oleate at  17-18°C. Chlorophylt 


Fig. 2.—Photochlorophyll oxidation as methyl oleate and 
linoleate. 


record with the progress of time, the peroxide 
values (indicating peroxide formation) of the 
two unsaturated materials under different condi- 
tions. Methyl linoleate has no induction period, 
whereas methyl oleate has definite induction 

eriod (about ? hr.) before initiation of oxidation 
in presence of light-sensitized chlorophyll. Plain. 
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TABLE 1.—COMPARATIVE STUDIES ON PHOTO-OXIDATION IN THE PRESENCE 
AND ABSENCE OF CHOLOROPHYLL. 


Methy] oleate Methy!] linoleate 
With chlorophyll Without chlorophyl| With chlorophyll Without chlorophyll 
-2 to -1°C. 17- 18°C. -2 to-1°C. 17- 18°C. 

Duration P.V. Duration PV. Duration PV. Duration PV. 
13 hrs. 20.0 6 hrs. oO. 2} hrs. 199.0 3 hrs. 0.0 
2k, 62.0 94 5, 34 350.0 19.0 
4? 5 234.0 4, 10 44 500.0 60.0 
442.0 2 days 24 665.0 2 days 317.0 

7» 107 23 618.0 
614.0 15% ,, 310 
482. 


photo-oxidation without chlorophyll shows for 
both substances induction periods during 
which the peroxide values increase extremely 
slowly. Light-sensitized chlorophyll has the 
advantage of greater resources of energy that 
make the oxidations go faster. 


In another phase of the experiments, complete 
oxidation of methyl oleate and linoleate was 
attempted, and another aspect of photochloro- 
phyll oxidation has thus been revealed by the data 
(Table 2). The initially slow oxidation of methyl 
oleate gradually increases in rate and finally 
keeps pace with methyl linoleate (Fig. 3). This 
may mean two things : (a) at the outset methyl 
oleate needs greater energy, not available from 
chlorophyll source, causing a slow rate, or (b) 
the energy-supply becomes sufficient in the later 
stages, indicating a more active form of chlo- 
rophyll. Such activated chlorophyll possesses 
an abundance of energy and the unsaturated fatty 
acid esters, methyl linoleate and oleate, could 
utilize only certian fractions of this energy (latter 
using probably greater ) to rise to a maximum 
level of oxidation in each individual case, thereby 
equalizing the rates. In the same set of experi- 
ments under identical conditions, ethyl stearate 
did neither oxidize at 0o°C., nor at 17-18°C., 
(Table 2 and Fig. 3). This confirms that the 
unsaturation and the related features of fatty 
acid esters are essential for the progress of photo- 
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 Methy! linoleate at 
¢ Methy! oleate at 0° Cc. 
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e Ethy! stearate at 17-18°C 


Fig. 3.—Comparative peer oxidation of the 
saturated and unsaturated fatty acids esters. 


oxidation. There is another significant pheno- 
menon to be noted in these experiments. The 
accumulation of peroxides in both methyl oleate 
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TABLE 2.—PEROXIDE FoRMATION DurinG LiGutT-SENsITIZED CHLOROPHYLL OXIDATION. 
Methyl oleate (0°C.) Methy] linoleate (0°C.) Ethy] stearate 
Peroxide Peroxide Peroxide 
Time number Time number Time number 
(in hrs.) (m.e./kg.) (in hrs.) (m.e./kg.) (in hrs.) (m.e./kg.) 
24 54-0 2} 200.0 (Temperature = 0°C.) 
7 405.0 4t 500.0 5 0.0 
11} 790.0 8} 1130.0 10 0.0 
134 1460.0 10} 1560.0 Temperature = 17-18°C. 
17} 2810.0 12} 1955-0 11} 0.0 
193 3330.0 144 2375.0 294 0.0 
25 4280.0 20} 3655.0 36 0.0 
27 4670.0 22} 3920.0 
304 4600.0 
33% 4850.0 
and linoleate continued to the level of over p.v., 1800 +—— ; 


4500 m.e./kg. The ordinary oxidations 14-15 
are not found to give rise to so much peroxides 
without further decomposition, which usually, 
carries on through free radicals produced by the 
main autoxidation reactions.15 That there was 
no appreciable decomposition of peroxides in the 
photochlorophylly oxidation was shown by lack 
of absorption around 270 inp in the products 
obtained from both methyl oleate and linoleate 
when autoxidized under light-sensitized chlo- 
rophyll. This observation suggests that the 
mechanisms of chlorophyll oxidation are quite 
different. 


The importance of double bond and alpha- 
methylenic group at the same time for photo- 
chlorophyll oxidation is shown by oxidation 
studies on tetralene (alpha methylenic group 
and double bond, present), naphthalene (only 
double bond present) and decaline (fully sa- 
turated) in Table 3 and Fig. 4. As expected, 
the data in Table 3 indicate that photochloro- 
phyll oxidation proceeded only with tetralene 
at o°C. and other substances resisted such oxida- 
tion. The negligible effects of oxidation on 
decaline at 17-18°C. may perhaps be due to 
impurities. Fig. 4 shows the rather remarkable 
progress of oxidation in case of tertralene. 
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Fig. 4.—Photochlorophyll oxidation of certain 


specific 
chemicals: tetralene, naphthalene and decalene. 
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3.—IHe Rove or ALPHA METHYLENIG GROUP IN PHOTO-CHLOROPHYLL OXIDATION. 


Tetralene (0°C.) Naphthalene (0°C.) Decalene 
Time number Time number Time number 
(in hrs.) (m.e./kg.) (in hrs.) (m.e./kg.) (in hrs.) (m.e./kg.) 
6 150.0 10 0.0 (Temperature = 0°C.) 
8} 170.0 174 0.0 8, 12, 24 } 
0.0 
18} 240.0 354 0.0 28, 40 
26} 390.0 524 0.0 17 — 18°C. 
50} 1010.0 6 0.0 
72% 1570.0 19 12.0 
314 28.0 
42 25-0 
564 25-0 
703 26.0 


The foregoing results indicate that the alpha _ in part of this work. 
methylenic group in conjunction with its adjacent 


double bond forms complex with chlorophyll References 
under sensitization by visible light. Such chlo- 
rophyll complex (reducing) would then interact 1. K. Meyer, Cold Spring Harbor Sym- 
with similar chlorophyll-oxygen complex (oxi- posia Quant. Biol. 3, 341 (1935)- 
dizing) to form hydroperoxides and _ original 2. E. I. Robinowitch, Photosynthesis and Re- 
chlorophyll, as described in the introduction. lated Processes (Interscience Publishers, 
Moreover, this property of complex formation Inc., New York, 1945), vol. 1, chapters 
is not appreciably affected by the presence of 16-19. 
other pigments in the leaves (xantophylls, caro- 3. E. C. Wassink, Advances in Enzymology and 
tenes, etc.). Related Subjects of Biochemistry, Vol. 1, 
edited by F. F. Nord (Interscience pub- 

Further work directed towards an exposition lishers, Inc., New York, 1951), p- 91. 
of the mechanisms of chlorophyll oxidation in 4. J. Weiss, Trans. Faraday Soc., 42, 116, 
the presence of visible light is in hand. 133 (1946). 

. J. C. Ghosh and S. E. Sengupta, J. In- 
Acknowledgement dian Chem. Soc., 11, 65 (1934). 
6. R. Livingstone, D. Sickle and A. Uchiya- 

The author wishes to thank Dr. M. Qudrat-i- ma, J. Phys. & Colloid Chem., 51, 775 
Khuda and Dr. Salimuzzaman Siddiqui, for (1947). 
their interest and encouragement in the pursuit 7. J. Franck, Naturwissenschaften, 21, 252 
of this problem. He is also grateful to the Dacca (1933)- 
Univeristy authorities for offering many research 8. L. Michaclis, J. Biol. Chem. 92, 211 (1931) 
materials needed in the present study, and to g. N. Uri, J. Am. Chem. Soc., 74, 5808 


Mr. Waziullah and Mr. H.C. Das for assistance (1952). 


10. A. Weissberger and E. Proskaner, Organic 
Solvents (Oxford Press, 1935), p- 111; E. 
C. Baby and W. B. Tuck, J. Chem. Soc., 
107, 1058 (1902). 

11. P. Morton, Laboratory Techniques in Or- 
ganic Chemistry (McGraw Hill Book Co., 
New York, 1938), p. 64. 

12. R. Adams, V. Vorrhees and R. L. 
Shriner, Organic Syntheses (John Wiley 
and Sons, Inc., New York, 1948), coll. 


13. 
14. 
15; 


16. 


NuraL AspsaR KHAN 


vol. I, second edition, p. 463. 

N. A. Khan, Biochim et Biophys. Acta, 
16, 159 (1955)- 

A. Robertson and W. A. Waters, Trans. 
Faraday Soc., 42, 202 (1946). 

E. H. Farmer, ibid., 42, 228 (1946).; 
J. L. Bolland and G. Gec, ibid., 42, 
236, 244 (1946). 

W. O. Lundberg and J. R. Chipault, 
J. Am. Chem. Soc., 69, 833 (1947). 


| 


ont 


| 
264 
= 
4 
° 
Ave, 


265 


QUANTITATIVE AND STRUCTURAL ANALYSIS OF KALABAGH IRON ORE BY 
PHYSICO-CHEMICAL METHODS WITH REFERENCE TO ITS BENEFICIATION 


Part IlIl.—X-ray Analysis of the Component Mineral Phases 


MazHAR MAHMOOD QuRASHI, SADRUL Hasan Rizvi AND M. Latir AHMAD 
Central Laboratories, Pakistan Council of Scientific and Industrial Research, Karachi 


Introduction 


In the previous communications !,? of this series, 
analytical data have been given for random samples 
as well as specially collected representative samples 
of iron ore from the Kutch Khurtop mining pro- 
perty in Kalabagh. The results obtained by the 
chemical and physical methods agreed to within 
less than 1%, and a synopsis of the more significant 
data is given in Table 1. The iron content 
was found to vary from 22.4% to 39.2% for the 
representative samples drawn out from the 
various parts of the ore body. With 
reference to these figures it is noteworthy that the 
hand-picked sample from the area of the ore 
field leased out to Mr. Abdul Karim has 54% 
iron content. The analyses also point to the pre- 
sence of nearly 25% of ferrous carbonate, but do 
not give any indication of the various structural 
forms in which the rest of the iron occurs. Such 
a structural study has now been carried out, and 
is described below. It has confirmed the pre- 
sence of FeCO, and has further resulted in estab- 
lishing the occurrence in appreciable quantities 
of three other ferruginous phases, namely cha- 
mosite, limonite, and hematite, all of which have 
an important bearing on the plan of beneficiation 
of the ore and its smelting, which are to be discussed 
in Part IV of this series of communications. 


X-ray Patterns of the Five Main Samples 


The X-ray diffraction technique has been 
employed as the one most suited to such structural 
studies, and powder patterns of the five typical 
samples taken with an 11.4 cm. diameter camera 
using filtered chromium Ke radiation are shown 
in Fig. 1. It is significant that the “‘ mean” and 
the ‘‘ middle’ samples, both of which contain 
nearly 34% iron, have almost identical patterns, 
while those of the other three show striking differ- 
ences. Also, the large number of lines in the patterns 
suggests the existence of several important com- 
ponent structures corresponding to different che- 
mical compounds or minerals. For the identi- 
fication of these minerals, we must make a com- 
parison with corresponding patterns of known 
standards, so as ultimately to account for all the 
observed lines, which are given in Table 2 along 
with their estimated intensities. 


The preliminary identification was done by 
comparing the d-values of the strongest lines of the 
patterns with those given in the A.S.T.M. X-ray 
Data Cards3 and also with those of a standard 
pattern of a-Fe,0;. This comparison showed 
that some hematite («-Fe,O;) is present in ail the 
samples whose patterns appear in Fig. 1. Three 
important pairs of lines characteristic of this mineral 


TABLE 1.—SyYNopsis OF ANYALYSES OF IRON OrE SAMPLES FROM KutTcH KuHUuRTOP 
MINING AREA. 


Poorest Richest Middle 
sample sample sample sample property 
Iron % 22.4 39.2 34-7 33-5 54 
Al,0;% 11.0 13.0 
Total SiO,% 15.2 24.2 
H,0% 5 6 2 
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TABLE 2.—d-VALUES IN ANGSTROMS AND EsTIMATED INTENSITIES OF THE Lines Down To 1.3 A.U. IN 
T HE OBSERVED POWDER PATTERNS OF THE FIvE TypicAL SAMPLES OF IRON ORE. 


s=strong ; m=medium ; w=weak ; f=faint ; d=diffuse. 


A. Karim’s sample 


Mean sample 


Middle sample 


Richest sample 


Poorest sample 


m 7.20 w 7.25 m 7.20 
*f 6.95 6.98 6.90 7.0 m 7.00 
m_ 6.00 
f 4.60 
f 4.40 
fo 4-35 
*f 4.20 f 4.15 f 4.20 S 4.15 f 4.25 
f 3.68 f 3.67 f 3.65 w 3-63 
m 3.58 w 3.60 
m 3-5! w 3-55 m 3-59 w 3-33 
f 3.33 w 3-32 
m 3.14 
3.05 f 3.09 
“f 2.80 s 2.80 s 2.80 f 2.80 
Ss 2.70 s 2.69 m 2.69 m 2.70 s 2.70 
2-55 
S 2.50 2.52 2.50 m 2.52 S$ 2.50 
*w 2.45 w 2.44 Ww 2.45 m 2.45 
w 2.35 Ww 2.34 2.33 
f 
25 
Ww 2.20 f 2.19 f 2.18 m 2.20 
m 2.14 s 2.13 
m 1.96 m_ 1.96 
m 1.83 w 1.84 w 1.83 f 1.82 s 1.85 
f 1.78 f 1.76 
1.739 s.d 1.725 w.d 1.730 
f I.7Io w 
s 1.69 m_ 1.69; m_ 1.68, w 1.685 s 1.68, 
m 1.655 
f 1.63; 
m 1.595 f 1.596 Ww 1.595 
T 8.8% s 1.565 S 1.555 m.d 1.569 
Ww 1.535 
Ww 1.523 f 1.520 1.520 
*f 1.515 1.506 f «1.505 
s 1.48, m_ 1.488 m 1.490 f.d 1.475 s 1.485 
S 1.450 m 1.458 m_ 1.450 f.d 1.450 Ss 1.450 
1.435 1.425 f.d 1.430 1.435 
f 1-395 
f 1.380 f 1.385 1.385 
f 1.375 f 1.375 
f 1-350 
1.325 
1.3I9 fF 1.319 S 


* This denotes lines not Cue to hematite in the pattern of the sample from Mr. A. Karim’s 
and agree -with the strongest lines of siderite, limonite and -chamosite. 
** Possibly due to chalcopyrite. 
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POOREST 
22% Fe 


RICHEST 
39% Fe 


MEAN 
34% fe 


MIDDLE 


A. KARIM 
54% Fe 


Fig. 1.—X-ray powder diffraction patterns of the five typical samples of Kalabagh iron ore, showing the complexity of the 
mean and middle samples; the only line due to quartz is marked SiO2 with a vertical arrow (patterns taken with Cr K «@ filtered 
radiation). The region marked €——> shows strikingly the differences between the various patterns. 


are marked with a ‘‘ V” in the figure, and they 
can be seen in all the five patterns, although with 
different intensities. The pattern labelled “‘ A. 
Karim ” appears to be lfargeiy hematite because 
the intensities of all lines not due to hematite are 
very low in its pattern. This result is consistent 
with its high iron content (54°), because iron 
ores containing more than 50%, iron consist mostly 
of the oxides of iron. 


Identification of the Different Component 
Structures or Mineral Phases 


(a) Components of the Mean Sample.—A search 
through the A.S.T.M. cards indicates that, in 
addition to hematite, the mean sample contains 
siderite (FeCO;), chamosite (a ferruginous alu- 
mino-silicate usually containing 24 to 32% iron), 
and limonite (Fe,0;.H,0.nH,0 = 2FeO(OH). 
nH,O). Confirmation of this is obtained by direct 
comparison with standard powder patterns as 
shown in Table 3 and Fig. 2, where the patterns 
of hematite («-Fe,O;), siderite and chamosite 
are placed alongside that of the mean representative 
sample, the resolved lines of chamosite being 
marked with arrows. It is seen that the siderite 
and hematite contributions to the pattern are of 
about equal intensity, thus indicating that the ore 
contains roughly equal quantities of the heavy 
atom (iron) in these two minerals. Taking their 
iron contents as 69% and 48% respectively, this 
givesa ratio of about 2:3 for hematite and siderite. 
About half a dozen lines remain outstanding after 
the siderite and hematite lines have been accounted 


for, and most of these can be correlated with the 
stronger lines of chamosite, while the inner line 
of the strong low-angle doublet (d=7.1 A.) is 
probably due to kaolinite, two other lines of which 
appear somewhat indistinctly in our patterns. 
A weak spotty line (marked ‘‘ SiO,” in Figs. 1 
and 2) corresponding to the strongest quartz line 
is observed at 3.33 A. The contribution of the 
chamosite lines to the intensity of the whole pattern 
is also of the same order as that of siderite and 
hematite, whence we conclude (by an argument 
similar to the previous one) that these three mine- 
rals occur in the mean sample in the ratios of 
2:3:4 approximately. 


(b) Components of the Richest Sample (39%, Iron.). 
—The X-ray patterns of the richest and poorest 
samples are both strikingly different from that of 
the mean sample in that the lines of siderite 
(FeCO,;) are absent, its strongest line at 2.80 A, 
(just inside the first strong doublet of a-Fe,O;). 
being hardly detectable in the pattern of the rich- 
est sample (Fig. 1). Since the iron content is 
higher than the average, it follows that a large 
part of the iron must be present here in still another 
form, and the strong line just outside the first: 
a-Fe,O; doublet appeared to belong to this new 
phase. After a thorough search, it was found that 
this ‘phase is limonite (Fez0;.H,O.nH,O0 =2FeO- 
(OH).nH,O), a somewhat diffuse pattern for 
which is shown alongside of the pattern of the’ 
richest sample in Fig. 3. This diffuse pattern of 
limonite was actually obtained when attempting 
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TABLE 3.—COMPARISON OF X-RAY PowbeR Lines Down To 1.3 A. U. FOR THE VARIOUS IRON ORE 
SAMPLES WITH STANDARD Data ON SIDERITE, HEMATITE, CHAMOSITE, LIMONITE, KAOLINITE 


AND BOHIMITE. 


s==strong (50—100) ; m=medium (20—50) ; w=weak (10-20) ; f=faint (less than 10) ; d=diffuse ; faint lines in the standard 


pattern have been omitted. Almost all the lines of the Jimonite pattern in Fig. 3 are diffuse. 


Limonite 
Mean sample _Siderite Hematite Chamosite — » Richest Poorest Kaolinite | Bohimite 
ASTM cards_ Fig. 3 sample sample 
m_ 7.20 m_ 7.20 s 7-35 
s 6.98 s 6.94 s 7.0 m 7.00 
*m 6.00 s 
s 4.64 f 4.60 
f 4.40 m 4.45 
f 4.35 s 4.3 
£ 4.35 s 4.18 s 4.20 : £6 f 4.25 s 4.17 
m 4.12 
m 3.84 
£ 3.67 s 3.68 w 3.63 w 3.73 
m 3.58 m 3.61 f 3.60 s 3.57 
m 3.51 ¢ 3-52 m 3.50 w 3.53 
m 3.39 m 
*m 3.14 w 3.14 s 3.164 
f 3.09 (w 3.01) w 3.09 
s 2.80 s 2.80 ( 2.79) m 2.78 f 2.80 
s 2.69 s 2.69 w 2.69 s 2.69 s 2.69 m 2.70 s¢ 2.72 w 2.75 
m 2.58 f 2.59 f 2.55 s 2.55 
s 2.52 ¢ 2H ¢ 2.5% m 2.52 s 2.50 m 2.52 
w 2.44 s 2.45 s 2.4 m 2.45 s 2.486 
w 2.35 w 2.36 s 2.374 
*s 2.33 s 2.331 s 2.346 
m 2.25 { 2.35 s 2.284 
f 2.19 s 2.20 s 2.19 m 2.20 f 2-18 m 2.20 m 2.182 
m 2.14 w 2.13 m 2.13 £ 2. w 2.427 
m 1.96 w 1.96 s 1.985 
m_ 1.935 
*s 1.86 w 1.892 m_ 1.860 
w 1.84 s 1.837 w 1.83 f 1.82 *s 1.85 m 1.825 m_ 1.850 
m 1.77 s 1.778 
m 1.737 m 1.73 m 1.725 w.d1.730 
w 1.715 
m 1.695 s 1.691 w 1.69 w 1.680 s_ 1.685 
f 1.635 m 1.655 s 1.659 w 1.662 
f 1.596 m 1.596 w 1.60 w 1.595 s 1.616 
m 1.581 
s 1.560 s 1.56 s 1.56 m 1.570 md. 1.560 
w 1.535 m 1.53 s 1.539 
w 1.523 m 1.525 w.d. 1.520 
w 1.506 w 1.50 m 1.51 
m 1.488 s 1.484 w 1.48 f.d. 1.475 s 1-485 s 1.486 
m 1.458 s 1.451 m 1.45 m 1.460 f.d. 1-450 s 1.450 w 1.453 
w 1.435 w 1.43 w 1.435 
w 1.42 m 1.425 f.d. 1.430 
w 1.40 f 1.395 
f 1.380 w 1.385 
f 1.375 
w 1.348 
f 1.325 w ‘1.32 
f 1.310 m 1.309 s 1.310 w 1.312 


Note : The weak doublet given in parantheses in the hematite pattern is produced by the K @ radiation (passing through the filter) 
.and corresponds to the strong K a doublet at 2.6 + 0.1 A. 
* Denotes lines in the pattern of the poorest sample that are accounted for by the bohimite pattern only. 
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to take an X-ray powder pattern of FeCO;. It 
was found after several attempts that the carbonate 
invariably changed into the hydrated oxide, and 
the diffuseness of the lines in Fig.3 is probably due 
to the incompleteness of the transformation. 
This phenomenon also suggests that the limonite 
in the richest sample may have resulted from deco- 
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mposition of siderite. The replacement of CO, 
by OH in the process would result in a loss of 
weight and therefore an increase in percentage 
iron content. The pattern of the richest sample 


is also remarkable for the fact that two compara- 
tively weak lines of chamosite that overlap with 
other patterns in Fig. 2 are here clearly resolved, 


2 1.5 


a, 


MEAN 
SAMPLE 


SIDERITE 


CHAMOSITE 


Fig. 2.—Comparison of the powder pattern of the mean sample with those of its constituent minerals, the arrows indicating 
the resolved lines due to chamosite. The patterns of siderite and chamosite have been made up from the standard data in the A.S.T.M. 
cards, the thicknesses of the lines being roughly proportional to the intensities. The scale at the top indicates d-values in Angstrom units. 
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RICHEST 
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Fed(oH) 


CHAMOSITE 


Fig. 3—Comparison of the pattern of the richest sample with those of its constituent minerals, showing the repiacement of siderite 
by limonite. The arrows indicate the resolved lines of chamosite. The scale at the top indicates d-values in Angstrom units. 
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as shown by the arrows in the 2-3 A. region. A 
detailed comparison of the lines of the patterns is 
given in Table 3, whicn moreover shows that the 
strongest lines of limonite are also to be found in 
the pattern of the mean sample, although with a 
very low intensity, corresponding to a limonite 
content of about half that of the hematite. 


(c) Components of the Poorest Sample.—The X-ray 
pattern of the poorest sample contains several 
strong lines (marked with an asterisk in Table 3) 
not accounted for by any of the mineral phases 
referred to above. Reference to the A.S.T.M. 
cards showed that they are due to bohimite 
(«-Al,0;.H,O), and this is clearly brought out by 
the comparative patterns shownin Fig. 4, which 
also shows the presence of unaccounted lines at 
7.1 A and the 4.3 A gcoup of lines. These lines 
can be identified as being due to kaolinite, as 
shown in the table. 

Estimated Mineral Composition of the 

Samples 


From the foregoing analysis, it can be conclu- 
ded that kaolinite, chamosite, and hematite are 
present in all the samples examined, and from 
the intensities of their characteristic patterns, 
their relative proportions can be estimated. The 
pattern marked A. Karim” shows only traces 
of siderite, limonite and chamosite, so that over 
75% of the iron must be present as_ hematite. 
This type of ore would be excellent for treatment 
by asimple beneficiation and smelting process, 


but it does not appear to be available in large 
quantities. 


An accurate quantitative estimate of the 
kaolinite and bohimite in the mean sample is 
difficult to make from the X-ray data, and a fi- 
gure of 10% + 5% is the best that can be obtained 
from the two or three weak lines available. If 
we allow another 10° for the free silica (noted 
above) and the traces of compounds of titanium, 
chromium, strontium and zirconium found in 
the X-ray spectrometer record (Part II, Fig. 1), 
we find that the ferruginous compounds, limonite, 
hematite, siderite, and chamosite, together make 
up 80% of the mean sample. Since these four 
minerals have been shown above to be present in 
the approximate ratios of 1:2:3:4, respectively, 
we immediately get the percentages given in the 
second column of Table 4. The next column 
gives the final estimates of composition, corrected 
so as to give « total iron content of 34%, while 
the last column shows the contribution of each 
phase to the iron content. 


Subsequent to the completion of the foregoing 
analysis, the results of mineralogical analyses on 
the representative sample were made available to 
the authors through the courtesy of Mr. H. R. 
Amundsen of the National Planning Board of 
Pakistan. These analyses were carried out in the 
Hoganas Laboratories in Sweden, and their results 
are summarized in Table 5, in which the last 
column shows the estimated contributions of the 
various phases to the iron content. Comparison 
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. Fig.4.—Powder patterns showing the presence of bohimite, chamosite and hematite in the poorest sample. The pattern of 
bohimite (like that of chamosite) is made up from the standard data. 
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TABLE 4.—PERCENTAGE MINERAL COMPOSITION OF THE MEAN SAMPLE BY X-RAY ANALYSIS. 


Weight % Corrected Contribution 
Constituent minerals from X-ray values to iron 

analysis content 
Limonite (Fe,0;.H,O.nH,O) 8 7 45 
Hematite («-Fe,O;) 16 14 9.8 
Siderite (FeCO;) 24 22 10.6 
Chamosite* 3 (Fe, Mg)O.AI,0,.2 SiO..nH ,O 32 30 8.4 
TiO,,Cr,O, etc. 5 6 <I 
Quartz 5 6 
Kaolinite, bohimite 10+5 15 _- 

Total 100 100 33.8+0.5 


* Chamosite is a ferruginous clay, and the formula given is therefore only approximate. It may contain 24-32% iron, and an average 
figure of 28% has been used in the table above. 


of Tables 4 and 5 shows that in the main the results 
of the mineralogical analysis are in fair agreement 
with those of the X-ray analysis when allowance 
is made for the variability of the ore samples. 
However, there is a significant difference in that, 
on the basis of the analysis presented in this paper, 
a separate estimation of the limonite and the 
hematite can be made, whereas in Tabie 5 there is 
no reference to hematite, while the °4given for the 
limonite indicates that both the hydrated and 
unhydrated forms of the oxide are included in 
that value. Another difference is that the alumi- 
nous sediments (corresponding to kaolinite and 
bohimite in Table 4) appear to have been under- 
estimated in Table 5. These discrepancies are 
attributable partly to the difficulties inherent in 
the chemical method of analysis, and partly to the 
fact that for the present investigation several 
samples from different levels of the ore field were 
available, two of which (Figs. 3 and 4) were 
particularly rich in limonite and bohimite, res- 
pectively, thus facilitating their identification 
and estimation. 


Decomposition of the Carbonate 


When the siderite (FeCO,;) is completely 
decomposed (e.g., by weathering) to give limonite 
[Fe.0,H,0 =2FeO (OH)], there is a loss in weight 
of 24% on the weight of siderite. This should 
therefore raise the percentage weight of iron in 
the sample by a factor of 100/ (100-24 X 0.24) = 


TABLE 5.—MINERALOGICAL ANALYSIS OF MEAN 
REPRESENTATIVE SAMPLE. 


. Analysis b Contribu- 
tions to 
Sweden __ iron content 
Limonite (Fe,03.nH,O) 24.9 14.042 
Hematite (Fe.O;) .. 
Siderite (FeCO;) 25.6 12.3 
Chamosite . . 35-6 G-00.5 
Ilmenite (FeO.Tio,).. 0.6 
Quartz 5-1 
Residue (aluminous 7.7 
sediments) 
Total 100.6 35:9 


35.8% 


Total iron by analysis= 


100/(100-6). The iron content calculated on this 
basis is 35.5%, thus only partly explaining the 
39.2%, of iron in the richest sample, which most 
probably also contains a higher percentage of the 
richest phase, hematite, than does the mean 
sample. In this connection it was of interest to 
study the decomposition of the carbonate by 
simple roasting at various temperatures. Fig. 5 
shows comparative X-ray powder patterns of 
various portions of the mean sample heated for 
half an hour in an oven at three different tempera- 
tures, namely 450°C., 600°C. and 800°C. 
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as shown by the arrows in the 2-3 A. region. A 
detailed comparison of the lines of the patterns is 
given in Table 3, whicn moreover shows that the 
strongest lines of limonite are also to be found in 
the pattern of the mean sample, although with a 
very low intensity, corresponding to a limonite 
content of about half that of the hematite. 


(c) Components of the Poorest Sample.—The X-ray 
pattern of the poorest sample contains several 
strong lines (marked with an asterisk in Table 3) 
not accounted for by any of the mineral phases 
referred to above. Reference to the A.S.T.M. 
cards showed that they are due to bohimite 
(«-Al,0;.H,O), and this is clearly brought out by 
the comparative patterns shownin Fig. 4, which 
also shows the presence of unaccounted lines at 
7.1 A and the 4.3 A gcoup of lines. These lines 
can be identified as being due to kaolinite, as 
shown in the table. 

Estimated Mineral Composition of the 
Samples 


From the foregoing analysis, it can be conclu- 
ded that kaolinite, chamosite, and hematite are 
present in all the samples examined, and from 
the intensities of their characteristic patterns, 
their relative proportions can be estimated. The 
pattern marked ‘‘ A. Karim” shows only traces 
of siderite, limonite and chamosite, so that over 
75% of the iron must be present as hematite. 
This type of ore would be excellent for treatment 
by asimple beneficiation and smelting process, 


but it does not appear to be available in large 
quantities. 


An accurate quantitative estimate of the 
kaolinite and bohimite in the mean sample is 
difficult to make from the X-ray data, and a fi- 
gure of 10% + 5% is the best that can be obtained 
from the two or three weak lines available. If 
we allow another 10° for the free silica (noted 
above) and the traces of compounds of titanium, 
chromium, strontium and zirconium found in 
the X-ray spectrometer record (Part II, Fig. 1), 
we find that the ferruginous compounds, limonite, 
hematite, siderite, and chamosite, together make 
up 80% of the mean sample. Since these four 
minerals have been shown above to be present in 
the approximate ratios of 1:2:3:4, respectively, 
we immediately get the percentages given in the 
second column of Table 4. The next column 
gives the final estimates of composition, corrected 
so as to give « total iron content of 34%, while 
the last column shows the contribution of each 
phase to the iron content. 


Subsequent to the completion of the foregoing 
analysis, the results of mineralogical analyses on 
the representative sample were made available to 
the authors through the courtesy of Mr. H. R. 
Amundsen of the National Planning Board of 
Pakistan. These analyses were carried out in the 
Hoganas Laboratories in Sweden, and their results 
are summarized in Table 5, in which the last 
column shows the estimated contributions of the 
various phases to the iron content. Comparison 
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. Fig.4.—Powder patterns showing the presence of bohimite, chamosite and hematite in the poorest sample. The pattern of 
bohimite (like that of chamosite) is made up from the standard data. 
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TABLE 4.—PERCENTAGE MINERAL COMPOSITION OF THE MEAN SAMPLE BY X-RAY ANALYSIS. 


Weight % Corrected Contribution 
Constituent minerals from X-ray values to iron 

analysis content 
Limonite (Fe,O;.H,O.nH,O) 8 7 455 
Hematite («-Fe,0;) 16 14 9.8 
Siderite (FeCO;) 24 22 10.6 
Chamosite* 3 (Fe, Mg)O.AI,0;.2 SiO..nH ,O 32 30 8.4 
TiO2,Cr,O, etc. 5 6 <I 
Quartz ‘ 5 6 — 
Kaolinite, bohimite 10+5 15 —- 

Total 100 100 33.84+0.5 


* Chamosite is a ferruginous clay, and the formula given is therefore only approximate. It may contain 24-32% iron, and an average 
figure of 28% has been used in the table above. 


of Tables 4 and 5 shows that in the main the results 
of the mineralogical analysis are in fair agreement 
with those of the X-ray analysis when allowance 
is made for the variability of the ore samples. 
However, there is a significant difference in that, 
on the basis of the analysis presented in this paper, 
a separate estimation of the limonite and the 
hematite can be made, whereas in Table 5 there is 
no reference to hematite, while the °,given for the 
limonite indicates that both the hydrated and 
unhydrated forms of the oxide are included in 
that value. Another difference is that the alumi- 
nous sediments (corresponding to kaolinite and 
bohimite in Table 4) appear to have been under- 
estimated in Table 5. These discrepancies are 
attributable partly to the difficulties inherent in 
the chemical method of analysis, and partly to the 
fact that for the present investigation several 
samples from different levels of the ore field were 
available, two of which (Figs. 3 and 4) were 
particularly rich in limonite and bohimite, res- 
pectively, thus facilitating their identification 
and estimation. 


Decomposition of the Carbonate 


When the siderite (FeCO,;) is completely 
decomposed (e.g., by weathering) to give limonite 
[Fe,0;H,0 =2FeO (OH)], there is a loss in weight 
of 24% on the weight of siderite. This should 
therefore raise the percentage weight of iron in 
the sample by a factor of 100/ (100-24 X 0.24) = 


TABLE 5.—MINERALOGICAL ANALYSIS OF MEAN 
REPRESENTATIVE SAMPLE. 


, Analysis b Contribu- 
Sweden __ iron content 
Limonite (Fe,03.nH,O) 24.9 14.042 
Hematite (Fe,03;) .. 
Siderite (FeCO;) 25.6 12.3 
Chamosite . . 35-6 G-900.5 
Ilmenite (FeO.Tio.).. 1.7 0.6 
Quartz 5.1 
Residue (aluminous 
sediments) 
Total 100.6 35-942 


Total iron by analysis=35.8% 


100/(1oo-6). The iron content calculated on this 
basis is 35.5%, thus only partly explaining the 
39.2%, of iron in the richest sample, which most 
probably also contains a higher percentage of the 
richest phase, hematite, than does the mean 
sample. In this connection it was of interest to 
study the decomposition of the carbonate by 
simple roasting at various temperatures. Fig. 5 
shows comparative X-ray powder patterns of 
various portions of the mean sample heated for 
half an hour in an oven at three different tempera- 
tures, namely 450°C., 600°C. and 800°C. 
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_ Fig. 5.—Powder patterns of roasted samples of ore compared with those of «-Fe203 and Fe304. The direction of the arrows 
Indicate increasing intensity of the corresponding lines, and they show the progressive replacement of the hematite, limonite and siderite 
lines by those of Fe 304 as the roasting temperature is raised (patterns taken with Cr K «@ filtered radiation). 


The heat treatment at 450°C. has produced 
a barely detectabie weakening of the siderite 
lines in the pattern, thus showing that very little 
of it is decomposed at this temperature. The 
patterns obtained after roasting at 600°C. and 
800°C., on the other hand, show the gradual 
disappearance of the lines of both siderite and 
hematite and their replacement by the lines of the 
magnetic oxide, Fe,O, (and y—-Fe,0;), whose 
pattern is shown in the bottom of Fig. 5. Some 
typical lines that increase in intensity as we go 
from the top to the bottom are marked in the 
figure with arrows pointing downwards, while 
the disappearing lines of the initial phases 
are marked with arrows pointing upwards. A 
particularly interesting feature of Fig. 5 is that 
the pattern of chamosite also undergoes consider- 
able modifications even at 600°C., which suggests 
the desirability of further study of roasting as a 
likely means of beneficiation of this ore. 


Conclusions 


(a) The ore from the Kutch Khartop area 
contains about 50% of the iron oxides and ferrous 
carbonate, and more than 30% by weight of the 
ferruginous alumino-silicate, chamosite. The 
fine dissemination of the chamosite throughout the 
ore is likely to make its efficient beneficiation a 
complex process, unless hand-picking yields ore 
with a significantly lower chamosite content. 


(b) Beneficiation by simple roasting or a 
modified roasting procedure presents an interest- 
ing possibility. 


(c) Chemical treatment such as leaching etc- 
may have to be resorted to for the complete re- 
covery of the iron from the ore. Since the ulti- 
mate choice of steel-making plant is likely to be 
governed by the economics of such beneficiation 
processes, their detailed study is in hand and the 
results wiii be reported in Part IV of this series 
of communications. 
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DESIGN OF A SIMPLE URANIUM-THORIUM DISCRIMINATOR FOR WEAKLY 
ACTIVE ORES CONTAINING LESS THAN 1% U;O0; EQUIVALENT 


Part I.—Study of the Self-Absorption of the 6 and ; Rays in Relation to Optimum 
Sample Thickness and Discrimination 


Kuoursuip Husain, MOHAMMAD AZEEM,* NURUL AHMED AND MAZHAR MAHMOOD QURASHI 


Central Laboratories, Pakistan Council of Scientific and Industrial Research, Karachi 


1. Introduction 


In the initial stages of the radioactive assay 
of mineral samples, the two most important 
questions to be answered are (a) what is the major 
radioactive constituent and (b) what is its per- 
centage concentration in the sample. For rela- 
tively rich ores, a semi-quantitative chemical 
assay can be carried out, but these methods are 
always tedious and, for concentrations of less 
than 2 or 3%, precise results are often difficult 
to obtain due to interference from silica and iron.? 
Therefore, it is of great practical utility to develop 
physical methods of analysis. One of the most 
useful methods uses the characteristic X-rays 
excited in the elements composing the mineral. 
This method however suffers from two draw- 
backs, (a) the lower limit to the sensitivity is in 
the region of 0.05 to 0.19% uranium or thorium, 
and (b) interference from the K-lines of rubidium, 
yttrium, and zirconium (for uranium) and rubi- 
dium and bromine (for thorium) is serious if any 
of these elements is present in quantities greater 
than 10%. A method involving the estimation 
of radon,! and two methods using electronic 
discrimination? between (a) particle energy 
and (b) the half life of radium C’ and thorium C’, 
have been suggested but are rather complicated 
in application. 


A powerful and accurate method is that of B- 
ray spectorgraphy, by which the energies of the 
y-spectra of the active nucleii can be measured 
and thence the elements identified. The appa- 
ratus is elaborate, and quantitative data are 
obtainable after considerable time and trouble. 
The discrimination obtained is very high, because 
no two elements give the same y-ray spectrum, 
but such high discrimination is not essential for 
the survey of minerals, because there one is look- 
ing primarily for uranium and thorium, while 
interference can be expected from the radioac- 
tive isotope of potassium. 


2. Principle of the Simple Method 


By sacrificing the excessive discrimination 


* Present address: Atomic Energy Commission, Karachi. 


of the 8-ray spectrograph, and reducing the exa- 
mination to a simple analysis by absorption of 
the emitted § and y-rays, we obtain a simple 
means of identifiying thorium and uranium, 
and of estimating their relative concentrations. 
Ideally, if potassium is assumed to be absent, 
two measurements of the total (8+) counts 
through two suitable thicknesses of absorbing 
matter should provide the necessary discrimina- 
tion between thorium and_ uranium. This 
technique is already employed in a type of 
discriminator and gives satisfactory results for 
rich ores. However, for the poor ores, the 
absorption in the samples itself becomes consider- 
able, and must be allowed for. 


The present development consists in making 
use of the mineral sample as its own absorber and 
in selecting the two thicknesses so that the smaller 
thickness, ds, is of the order of the 8 range, and 
the larger thickness, dy is of the order of the y- 
range in the powdered mineral. This has the 
advantage of making the ratio ny/ng of the y to 
the 8 counts more favourable for accurate mea- 
surement and discrimination than the ratio of 
y counts through two different thicknesses sug- 
gested by Behounek.! Figure 1 shows two possible 


(a) (4) 


Fig. 1.—Two possible arrangements for investigating the varia- 
tion of the counting rates with sample thickness using (a) an end 
window counter (left) and (b) atube counter (right). 


experimental arrangements, where either the end- 
window or the tube type of Geiger Muller counter 
measures the total counts due to the # and y 
radiations from any one thickness of sample. 
If a substance gave off 8-rays only, the plot of the 
counting rate ng against thickness ‘d’ would be 
somewhat as in Fig. 2 (a), but when only y-rays 
are given off, the curve is as shown in Fig. 2(b) 
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Fig. 2.—Idealized representation of variation of counting rate with sample thickness for (a) unique energy beta emitter, 
(b) unique energy gamma emitter, and (c) combination of both emissions. 


where dg and dy may be called the ranges of the 
Band y-rays, respectively When_ both these 
emissions are combined, we get Fig. 2 (c). For 
a unique energy of the §-rays and a simple y-ray 
line, the plot should consist of two inclined 
straight lines, the first and steep one corresponding 
essentially to the 8-rays and _ the second one to the 
y-rays. The bend between the two occurs at a 
thickness corresponding to the range of the 6-ray. 
The second part of this graph reaches saturation 
at a much larger value of thickness, corresponding 
to the large range of the y rays. Since the actual 
B and y-ray spectra of radioactive substances 
are complex, especialy when accompanied by 
decay products, each of the two straight lines of 
Fig. 2(c) will be slightly curved, being in fact 
made up of a series of lines, each terminating at 
the vlaue of d corresponding to the range of a 
particular group of 8 or y-rays. This presents 
the possibility of a definite discrimination between 
different radio-active emitters by determining the 
shapes of these curved lines, thus making in 
effect an absorption spectrograph. 


Such a detailed analysis would of course 
require accurate measurements of the counting 
rate with a whole series of graded thicknesses of 
sample. In the present communication , such an 
analysis of the 6 and y-ray counts from uranium, 
thorium, and potassium is presented and the nece- 
ssary conditions are determined for (a) efficient 
discrimination between them, and (b) accurate 
estimation of the quantities of the three metals in 
any given sample. On the basis of these results, 
the essential features of a combined discriminator- 
estimator are worked out, detailed tests on which 
form the subject matter of Part II of this paper. 


3. Experimental Details 


(a) Preparation 


of Standards—The standard 


samples were prepared by successive dilution of 
the active materia! with dry calcium carbonate. 
The diiutions were carried out in stages, with 
thorough mixing at each stage, the concentration 
being reduced by a factor of 5 to 10 in each stage. 
The four standards used contained : (i) 0.060% 
of uranium in equilibrium (from analysed low- 
grade pitchbiende), (ii) 0.50% thorium nitrate 
(prepared about five years ago), (iii) 30% pota- 
ssium chloride (i.e., 16% potassium) in calcium 
carbonate, and (iv) 0.25;% of uranium in the 
form of chemicaliy separated urany! nitrate. 
The fourth standard was used to study the 
effect of lack of equilibrium in the uranium series. 


(b) Measurement of Counting Rate—vVarious 
quantities of the material under examination were 
taken in a g cm. diameter flat-bottomed petri 
dish, across the top of which a Geiger Muller 
tube counter* was held, the surface of the tube 
being about 4 mm. above the top of the dish. 
The counting rate was measured by noting the 
number of counts recorded by a Dynatron Scalar 
Unit in ten to twenty successive intervals of one or 
two minutes. Since a suitable lead castle was 
not available, the back-ground rate of the counter 
had to be determined when similarly placed, 
but without any sample in the petri dish. This 
back-ground rate was measured at the commence- 
ment and also at regular intervals all through 
the experiment. By subtraction, the total 
(8+) counts, n@+ny, recorded by the counter 
for any one quantity of material in the petri dish 
were obtained. The mean mass per unit area of 
the sample was obtained from its weight and the 
diameter of the dish, and this could be correlated 
with the thickness, which was measured correct 


* The tube counter was a Frieseke and Hoepfner beta- 
gamma Geiger Muller tube (No. FHZ 69) with an operating 
plateau voltage of 700 volts. 
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to 0.2 mm. with a travelling microscope. This 
correlation is shown in Table 1, which also gives 
the y and 6+ counting rate for various thicknesses 
of the uranium (pitchblende) _ standard. 
Since the petri dish was only 1.5 cm. high, some 
modification was necessary for working with 
larger thicknesses of material, going upto 8 cm. 
A dish of adjustable height was improvized by 
surrounding the petri dish with a stout well- 
fitting cardboard cylinder 10 cm. in height. By 
supporting the dish on a wooden block and sliding 
the cardboard cylinder up and down, various 
thicknesses of material upto 8 cm. could be used 
satisfactorily. During these experiments, the 
counter tube was placed so that its lower surface 
was about 4 mm. above the (upper) flat surface of 
the material being tested, in which position the 
B-shield just rested on top of the cardboard 
cylinder. 


Since the area of the petri dish and therefore 
of the cylinderical sample is fixed, the effect on 
the counter of the rays from a particular layer 
will depend on its distance, x, from the counter 
(Fig. 3). The variation with x is complex, and 
in order to minimize this variation, the slotted 
metal 8-ray shield was retained on the counter 
tube, thus constituting an opening of fixed angu- 
lar width for the 8 rays. For depths of several 
centimetres, this angular spread talls within the 


/ 
= 
Z l 
Fig. 3.—Schematic representation of the effect of counter shield 
with slotted opening. 


diameter of the petri dish, and therefore the 
correction for distance may be neglected. 


4- Measurements with Standards and 
their Interpretation 


The rates combined, i.., ng+ny, 
were measured upto a thickness of 1 cm. in steps 
of o.2 cm. and then in steps of 0.5 cm. upto the 
maximum used in the particular experiment. 
The y-counting rate ny was measured all along 
at intervals of about 0.5 cm., the background 
counts being separately measured with closed 
B-shield and corrected for. The results of the 
measurements with the picthblende standard are 
shown graphically in Fig. 4(a), in which the 
estimated standard deviations of the individual 
points are indicated by the short vertical lines. 
The curve for the y-counts exhibits a bend at a 
sample thickness of about 1.5 g./cm.?, which 
shows that the first part of this curve corresponds 
essentially to the relatively soft y-rays (mostly 
internal-conversion K-series radiation), for which 
the mass absorption coefficient, p/p, is known 
to be of the order of 0.7 cm.2/g. in the diluting 
material used. The second, less steep, part of 
the curve naturally corresponds to the harder 
components of the nuclear y-rays with p/p ~ 
0.1 cm.?/g. in the diluting material, cf. Behounek.? 


In Fig. 4(a), the broken curve for ng is ob- 
tained by subtracting the y- counts ny from the 
observed quantity ng+ny, and the resulting 
curve is seen to start out almost linearly near 
the origin (i.e. for thin samples of less than 0.15 
g./cm.?) and to reach 70% of its saturation value 
at a thickness corresponding to 0.17 g./cm.?. This 
linear region corresponds to approximate propor- 
tionality between the counting rate and the mass 
per unit area of the sample, so that the effect 
of absorption of the g rays is small in this region : 
thus at 0.17 g./cm.? (corresponding to a thickness 


TABLE I.—8$+y AND y CouNnTING RATE FOR VARIOUS THICKNESSES OF 0.06% URANIUM 
(PITCHBLENDE) STANDARD. 


Approx. thickness (cm.) from microscope .20 0.40 0.60 0.80 1.00 1.50 
Mass per unit area (g. sq. cm.) - 0.095 0.216 0.347 0.476 0.627 0.891 
Corrected thickness of sample (cm.) .. .. 0.16 0.36 0.57 0.79 1.03 1.47 
ng + Ny (counts/minute) 17 6 29.4 36.2 38.5 35-3 39-7 
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of nearly 0.3 cm.) the curve falls only about 15% 
below the tangent at the origin. For larger 
thicknesses, the absorption is so great that the 
number of 8 counts becomes constant and no 
longer increases with sample thickness. All the 
important characteristics of the 8 and y counts 
from pitchblende as deduced from the curves 
of Fig 4(a) are collected in the first row of Table 2, 
in which all the figures have been reduced to 0.1% 
uranium content, 7.¢., 1 mg. uranium in 1 g. of 
sample. 
counting rate for a thickness of 8 g./cm.,? which 
should yield about 80% of the saturation y counts. 


~~ Figures 4(b) and 4(c) show the counting 


The last column gives the estimated y- 
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50; 4 (100% xcl ) 
40 
POTASSIUM 
CHLORIDE 
| 
(30 % xcl) 


MASS / AREA (gm/em 


(¢) 

Fig. 4.—Experimental graphs showing total counting rate 
(solid circles), gamma counting rate (hollow circles) and beta 
counting rate (broken line) for the three standard samples 
(a) 0.06% uranium as pitchblende, (b) 0.5% thorium nitrate,(c) 
30% potassium chloride, the broken line curve being for 100% 
KC1 in this case. 


rate for the standard samples of 0.5% thorium 
nitrate and 30% potassium chloride, both being 
diluted with calcium carbonate. These curves 
exhibit the same general features as those of Fig. 4 
(a) for pitchblende, and the relevant characteri- 
stic data obtained from them are also presented 
in Table 2. The curves for potassium are very 
near to those previously given by Hee, Wack and 
Jarovo 3 in their study of the §-radiation from 
rocks. 


It is to be noted that if an exponential law is 
assumed for the absorption of the complex §-ray 
spectrum, then the figures in columns 4 and 5 
of Table 2 should be equal. In actual fact, the 
two values are seen to be in the ratio of 1.30 + 0.03, 
thus showing that such a law is not a good approxi- 
mation. The lack of decay equilibrium of the 
thorium nitrate standard requires comment here. 
One of the decay products of thorium, v7z., 
radio-thorium (half life=1.9 years) is isotopic 
with thorium and is therefore to be found in the 
equilibrium proportion in chemically separated 
thorium compounds. All the decay products 
of radiothorium have short half-lives, the longest 
being 3.6 days for thorium X, so that these pro- 
ducts will all be present in equilibrium with the 
radiothorium after a lapse of 10 days or so. The 
total activity of the thorium compound at any 
time can thus be estimated from the decay of 
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radiothorium and the formation of mesothorium 1 
(half—life=o.7 years) and mesothoruim 2 (half- 
life=6 hours), which are products intermediate 
between radiothorium and thorium (half-life 
=10 1° years). The detailed estimates are given 
in Appendix I, and the conclusion is that the ratio, 
R, of the activity of a certain quantity of thorium 
as the chemical compound to that of the same 
quantity of thorium together with all its products 
in equilibrium is 


Rg= 0.564 0.08 for the —activity 


and Ry= 0.65+ 0.06 for the y —activity 
over the first 10 years. Since the age 
of the thorium nitrate used was known to 
be of the order of 3 to 7 years, the 8 and y mea- 
surements made with it can be approximately 
corrected for lack of equilibrium by dividing by 
these factors, Rg and Ry, respectively. The 
essential adequacy of this correction is confirmed 
by the fact that the corrected $-counts for thorium 
in equilibrium (columns 2 and 3 of Table 2) are 
found to be nearly two sevenths of the corres- 
ponding counts for pitchblende, 7.e., in the inverse 
ratio of the half-lives of thorium and uranium. 


5- Analysis of Results 


We can now analyze Table 2 to determine 
what quantitites to use for the most satisfactory 
discrimination between thorium and uranium. 
The four possible quantities are the following 
ratios: Ry, = (saturation §-counts /origin + 
slope), R, = (origin y slope/origin 8+ y slope), 
R; = (y slope at 4 g./cm.?/origin 8+ y slope) 
and R,=(y counts at 8 g. per cm.?/saturation 
6 counts). Values of these ratios for the m:asured 
standards are collected in Table 3 below, which 
shows that all of them do give a certain measure 
of discrimination. The third row of figures in 
Table 3 are the differences, (Rph-Ry), between 
corresponding ratios for thorium and uranium, 
together with the standard error of measurement 
of this difference with the apparatus previously 
described. Examination of these figures brings 
out the fact that the first ratio (Rz) will give very 
poor discrimination, and can be used at best 
as a confirmatory measurement. The other three 
ratios, all of which make a comparison between 
the y and 8 counts, will give good discrimination, 
because the standard error of the measurement 
is one fifth to one tenth of the corresponding value 
of (Rrh-Ry)- 


The best discrimination is given by R3; but 
this requires accurate measurements of y-counts 
for several sample thicknesses in the neighbour- 


hood of 4 g./cm.?. Ry is second best, but has the 
great advantage that only two observations are 
required, one of the y counts for a_ thickness of 
8 g./cm.?, and the other of the saturation B-counts. 
R, ranks with R, in discriminating efficiency, 
but sufferes from the same drawback as R;. 
It appears therefore that Ry, is the best discrimi- 
nating ratio for the present purpose. 


6. Estimation of the Uranium to Thorium 
Ratio 


Since the measured value of any one of the 
above discriminating ratios, R2, R3, Ry, for a 
sample containing both uranium and _ thorium 
(in equilibrium with their decay products) will be 
intermediate between the values for uranium and 
thorium given in Table 3, it follows that either 
of these three ratios can be used to determine the 
relative proportions of uranium and thorium in 
the sample. The expected values of R2, R3; and 
R, for various ratios of uranium to (thorium +- 
uranium) can be easily calculated by simple 
proportion using the data of Tables 2 and 3, and 
the results are shown in Table 4 and graphically 


in Fig. 5(a). All the graphs of this figure are 
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Fig. 5(a).—Graphs showing the values of the three best dis- 
criminating ratios, 10 R2, 100 R3, Ry, for different ratios of 
uranium/uranium + thorium). 
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TABLE 2.—SyYNopsis OF MEASUREMENTS ON STANDARDS (REDUCED TO 1% OF 
ACTIVE SUBSTANCE). 


(8 + y) Counts y- Counts 
Origin Mass/area Saturation : Origin Estimated** 
Active substance slope, Saturation for70% _  § counts slope, Slope at y counts for 
counts per 8 counts of counts per 4g./cm.2 a thickness 
1 g./cm.2 saturation Origin 1 g./cm.2 ° 
B slope 8 g./cm.2 
Uranium (in pitchblende*) 280-+-10 62.44+1.0 0.17 0.23 8.33+0.2 1.5g40.15 2141 
Thorium (in thorium nitrate). 3840.5 11.5+0.2 0.25 0.32 1-77+0.1 0.57+0.3 
Thorium corrected to equilibrium 67.8 20.5 0.25 0.32 2.63 0.88 12+1 
Potassium (410--20)10~3 (80-44) x1073 9.16 0.195 1x1073 =~10x1073 
Uranium (in urany] nitrate) 184-5 64.3+40.9 0.26 0.35 0.4+0.2 0.440.2 
~|e 
* Some slight lack of equilibrium was suspected in the pitchblende sample, and it is possible that a correction of about 10% may Ie 
be required for the experimental values. 
** The estimate is a valid extrapolation because the value of y/¢ is less than 0.1 for the harder group. 
TABLE 3.—CoMPARATIVE STUDY OF THE PossiBLe DiscRIMINATING RATIOs. 
Saturation ‘ycounts at 
8 counts Origin y slope y slope at 4g./cm2 8 g./cm2 
Active substance R2= => Ry = 
Origin (3 Origin (8 + 3 Origin (8 + y) Saturation§ 
slope slope slope counts 
Thorium (corrected) .. 0.30-+0.01 (0.39-+-0.02) x10 (1.30-0.04) x 107? 0.59--0.05 
Uranium 0.20.01 (0.30:0.01) x 107} (0.56-0.02) x10720.34¢ 0.02 
Rrh—Ru 0.08-+-0.02 (0.09-+-0.02) x 107! (0.74+0.04) x 107? 0.25-+0.05 
ee 
Potassium 0.195+0.01 0.02 x 107 (0.24-0.05) x 107? 0.1 R;. 
i 
Uranium in uranyl nitrate 0.350.01 (0.02+0.01) (0.22-+-0.1) x 107? 
TABLE 4.—CoOmPARISON OF VARIOUS DISCRIMINATING RATIOS FOR THE QUANTITATIVE = 
EsTIMATION oF URANIUM/(THORIUM + URANIvuM). wit 
we 
If \ 
Le 8g./cm. rat 
U Origin slope slope at 4g./cm. counts 0.01 0.01 1 
Th+U Origin (8 +) Origin (8 + y) Saturation R2 R; Rg foll 
slope slope 8 counts the 
to 
320 0.00 (0.390.02) x 107? (1-30-0.04) x 1072 0.59+0.05 2-56+0-1 0.7740.02 1.7140.1 Th 
on 
2:1 0.33 0.33 x 107! 0.80 x 107? 0.43 3.06 1.25 2.30 late 
1:2 0.67 0.31 107% 0.64 x 1072 0.37 3.25 1.55 2.69 pod 
1.00 (0.30-+-0.01) x 1077 (0.56-+0.02) x 107? 0.34+0.02 3.3640-1 1.7740.05 2.97-0.2 
cou 
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Fig. 5(b).—The corresponding graphs for the reciprocals of these 
ratios, viz. 0.1/R2, 0.01/R3 and 1/R4, showing the improved 
character of the curves. 


seen to be strongly curved, especially that for 
R,;, and are therefore rather unsuitable for quan- 
titative work. This defect can be easily remedied 
in the case of R; and Ry, by plotting 0.01/R; and 
1/R4 against relative percentage of uranium to 
(thorium-++uranium), which gives the much im- 
proved graphs shown in Fig. 5(b). Combining this 
with the considerations of the previous section, 
we find that 1/R, is the best discriminating ratio. 
If we assume an accuracy of 5% in the y-counting 
rate, which is readily attained, we get a margin 
of about 0.1 in the measured value of 1/R,. It 
follows from Fig. 5(b) that we can determine 
the relative proportion of uranium and thorium 
to within 5% with this type of measurement. 
The design and testing of a discriminator based 
on the foregoing analysis will be described in a 
later communication, while Appendix II gives 
an example of the application of the detailed 
analysis along the patterns of Fig. 4. 


As regards the influence of potassium on the 
counting rates, it is enough to note that both the 
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B and y counts for potassium are about 1/1000 of 
those obtained with corresponding quantities of 
uranium. Thus 10 % of potassium in the sample 
will be equivalent to about 0.01% of uranium, 
and its presence will not therefore produce 
significant error unless the (uranium + thorium) 
content of the sample is as low aso.1%. For 
such extremely poor ores, a correction for the 
activity of potassium can be readily applied using 
the data of Table 2, provided the potassium 
content is known approximately from a chemical 
determination. 
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Appendix I 


Estimate of the Activity of Thorium Nitrate 
Preparation 


(a) Members of the thorium series isotopic 
with thorium and therefore initially present are : 
(1) thorium (half-life=10'° years) and (2) 
radiothorium (half-life=1.9 years). 


(b) The intermediate products are mesotho- 
rium 1 (half-life=6.7 years) followed by me- 
sothorium 2 (half-life—=6.1 hours). 


(c) All the other products, 7.e., those after 
radiothorium have short half-lives with a maxi- 
mum of 3.6 days for thorium X. 


Thus the activity A (t) at any time t ( >>3.6 
days) can be represented b 
A (t) = Arh + Ames2) + (Aradth 
-+-A(of decay products) ) 
= -+ Constant x A yes; + Cons- 
tant X Apadth- Since thorium itself is only «-active, 
the problem reduces to estimating the relative 
activites of radiothorium and mesothorium 1, 
with which mesothorium 2 will be in equilibrium 
after a period exceeding a day. Let the number 


| 2.0 
|<” 
! 
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of atoms of thorium disintegrating per second 
be No. Then 


A mess =N, = number of atoms of mesothorium 
disintegrating per second. 


= No (1-exp [-ar 
where 4; =0.693/6,7 year-!, 


and A radth=N2—=number of atoms of radio- 
thorium disintegrating per second. 


=No exp [-2at]+No (1-exp 
=No (1-exp t] (1-exp 


Table 5 gives the values of N,/No and 
N./No for various values of time elapsed since 
the separation of the thorium. Now there 
are two §-emitters among radiothorium and 
its equilibrium products, and two among meso- 
thorium and its products. On the assumption 
of similar spectra for these four emitters, the 
8-activity of the thorium should be proportional to 


I N,; N2 I N2 
(exit? x2) = als + 


By a similar reasoning, the y-activity should be 
proportional to 


3. Ni4 1 
¢ No 4 No 


These two ratios are tabulated in the third and 
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fourth rows of the table under the labels of relative 
® activity and relative y activity, respectively. 
They are both seen to fall rapidly and reach a 
minimum after about 2 years, and then to increase 
slowly towards unity during the next 20 years. 
The average values of these ratios obtained gra- 
phically over the first ten years are given in the 
last column of the table and they can be used as 
correction factors for a thorium compound, 
whose age lies within this period. The corres- 
ponding factors for the next ten year period are 
closer to unity, being both very nearly 0.85+ 0.09. 


Appendix II 
Direct Application to an Unknown Sample 


A direct application of the data of Fig. 4 can 
be made to an unknown mineral, albeit with the 
expenditure of considerable time and _ trouble. 
The (p + y) and y counting rates for different 
quantities upto 6 g./cm.? of an unknown sample 
are plotted in Fig. 6, in which the broken line 
shows the 8 counting rate obtained by subtracting 
one curve from the other. The graphs are seen 
to be very different from those for pitchblende, 
but closely resemble those for thorium, thus sugges- 
ting that thorium is the major radioactive cons- 
tituent of the sample. An evaluation of the ratios 
0.01/R; and 1/R, gives 0.61 + 0.02 and 1.31 + 
0.1, respectively, both of which are close to the 
corresponding values for thorium, but lie well 
outside the range for thorium-uranium mixtures 
(Table 4 and Fig. 5). Thus there would appear 
to be no possibility of the presence of any uranium 
in the sample. 


TABLE 5 
Mean for 
Time (years) 0 1 2 4 6 8 10 15 20 first 10 
years 
Ny/No .. 1.000 0.834 0.714 0.643 0.659 0.706 0.759 0.866 0.930 
N2/No .. 0.000 0.120 0.232 0.410 0.547 0.652 0.733 0.862 0.929 
Estimated __ relative 0.500 0.477 0.473 0.526 0.603 0.679 0.746 0.864 0.930 0.565+0.08 
B—activity 
Estimated _ relative 0.750 0.655 0.594 0.585 0.631 0.692 0.752 0.865 0.930 0.652+0.06 
y-activity 
Relative 
(y/8) 1.50 1.37 1.26 1.11 1.05 1.02 1.01 1.00 1.00 1.15+0.2 
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_Fig..6.—The gamma, beta, and total counting rates for various 
thicknesses of an unknown sample. Total rate, solid circles; 
gamms rate, hollow circles; beta rate, broken line. 


Assuming first that all the activity is due to 
thorium, we get from the measured 8 and y 
counting rates the following estimates of thorium 
content : 


6 Counting gives 


I.Iot0.1 % 


y Counting gives 1.-4o+0.1 % 


The discrepancy between the two estimates 
points to the presence of some other constituent, 
which has a higher y/® emission ratio than 
thorium. This idea was confirmed by the che- 
mical analysis of the sample, which gave a thorium 
content of only 0.64+0.05%. This would account 
for a trifle more than half the 6-counts and less 
than half of the y-counts. The counts remaining 
unaccounted for are tabulated below : 


Origin Saturation Origin y slope at Y counts 
B+yslope counts slope at 8 g./cm.2 
400 70 16 9 70 


Such a distribution of 8 and y counts could 
be due to the decay products of uranium that 
have been separated from the parent material 
by weathering action. These decay products 
are known to be strongly y-active, cf. for instance 
the various counting rates for uranium in pitch- 
blende and in uranyl acetate given in Table 2. 
On this basis, the above residual activity would 
correspond to an original uranium content of 
about 0.4%. 
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REFRACTOMETRIC STUDIES OF COMPLEX SALT FORMATION 


M. A. Azim AND MAzHAR-UL-HAQUE 


Chemistry Department, Government College, Lahore 


Complex salt formation has been studied by 
various workers by determination of magnetic 
susceptibility! which showed an abnormal 
behaviour in case of formation of complex salts. 
Other physical properties, like surface tension, 
viscosity and refractive index, have also been 
found to give an indication as to the formation 
of double and complex salts.2_ Since different 
properties may respond to differant types, there- 
fore we tried to investigate the variation of ref- 
ractive index for cases in which complex salt 
formation was noticed by magnetic susceptibility 
determination. The principle of the refractomet- 
ric method depends upon the fact that when a 
certain volume of solution of one substance is 
added to a definite volume of the solution of 
another substance at the given temperature, the 
refractive index goes on increasing or decreasing 
gradually, but at a certain point the increase 
or decrease is abnormal. When a_ graph 
is plotted between the refractive index and the 
volume of the solution added, a kink in the curve 
is noticed at the point where complex salt forma- 
tion takes place. Several systems were examined 
by this method, and the present communi- 
cation deals with the results for: 


(1) NH,NO,—Pb (NO ).-H2O 


1.353 
Temperature 31°C. J 
1350}— Pb(NO3)-HO 45 
NH,NO, 20mt. 
2:1 
x 1347 ial 
£ 
1347 
> 2:1 
a +341 
4:1 
1338 
1.335 
.e] 6 12 18 24 30 


Vol. of Pb(NO;) ginmi. 


(2) NH,Cl—Zn Cl,-H,O 

(3) NH,Cl—Cd Cl,-H,O 

(4) NH,OH-Cu SO,—Cu (OH),. (NH3)2 or 
Cu(OH),. (NH;), 

(5) CHCl,—C,H,OC,H, (ether) 

(6) 


The following systems were also examined, 
but we failed to get any indication of double salt 
or complex salt formation due to precipitate for- 
mation: 


(1) -Toluidine—p-chlorophenol 
(2) p-Toluidine—o-chlorophenol 
(3) Ni(SO,4)—(NH,)2-SO, 

(4) KCN—AgNO, 

(5) NaOH—Na,SO, 

(6) K,Fe(CN)s6—FeCl, 


Experimental 


Thirty mixtures of each system were made up 
by adding varying amount (0-30cc.) of molar 
solution of one of the components to 20 cc. or 
10 cc. of molar solution of another, and the mix- 
ture was diluted to 50 cc.in each case. The 
refractive indices of these mixtures were determin- 
ed at constant temperature with a critical angle 
refractometer (Bellingham & Stanley Ltd.) with 
an accuracy of + 0.0002. The temperature of 
the solution under investigation was controlled 
within + 0.1%. A graph was plotted between 
the refractive index and the volume of the varying 
component. Kinks in the curve were obtained 
at those points where the complex or the double 


salt formation took place. 
1346 
Temperature 32°C. 4 
c 


1.340 


4:1 / 


Refractive 


1.337 


1334 
6 12 18 24 30 


Vol. of ZnCl in mi. 


Refractive index 
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+346 
Temperature 32°C. 
NH,Cl- CdCl, - 
mi. 

1340 
4:1 
1337 

1334 

Vol. of Cd Clo inmi. 

1343 
x 1340 
: 
1.337 
417 

NH,OH 20m! . 
1.331 
0 6 12 18 24 30 


Vol. of CuSO, in mi. 


From the position of kinks in the curves molar 
ratios of the components of the double and com- 
plex salts were calculated and are detailed below: 


(1) NH,NO,—Pb (NO;)2-H2O 4:1, 2:1, 1:1, 4:5 


All the first three values, 4:1, 2:1 and 1:1, 
confirm the results obtained by magnetic 
susceptibility method but the fourth value, 1.e., 
4:5, is another ratio found by refractometric 
method which is probably more sensitive than 
magnetic method. 


(2) NH,Cl—Zn Cl,-H,O 4:1, 2:1, 1:1, 4:5 


In this case also 4:1, 2:1 and 1:1 values are 
in agreement with the magnetic susceptibility 
method but the value 4:5 is another ratio found 
only by this method. 


(3) NH,Cl—Cd Cl,-H,O 4:1, 2:1, 1:1 


4:1-1:1 are the values which are obtained by 
by the magnetic susceptibility method. While 
2:1 value obtained by our method is a new value. 


1448 
Tempereture 15°C 
CHCI, - Hy 
1-436 CHCl, 10m i 
© 
£ 
© 442 3:1 
= 
+ 
1-412 N 3 
1:1 
+400 
1388 
ie) 6 12 18 24 30: 
Vol. of Ether.in mi. 
1454 T 
Temperature 16°C. 
CHCI5 (CH,),co 
1442 CHCl, 
x 1430 
4:1 
1418 
\ 
a 1406 
1394 


1382 
.@) 6 12 18 24 30 


Vol. of Acetone in ml. 
(4) NH,OH-Cu SO,—Cu(OH),.(NH;) 4:1, 2:1 
or Cu(OH),-(NH;),4 Schweitzer’s reagent 
(5) CH Cl;—C,H,O C,H, 2:1, 1:1, 5:8and 1:2 
(6) CHCl,—(CH;)2CO 2:1, 2:3 and 1:2 
The values obtained in systems 4 to 6 have 
not been determined before by any meilcd. 
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STUDIES IN THE INFLUENCE OF LONG CHAIN PHENOLIC ADDITIVES ON 
THE VISCOSITY OF MINERAL OILS 


Part III. 


Measurement and Analysis of the Viscosity Depression Occurring in 


Mixtures of Mineral Oils with (A) Allylphenol, (B) Allylbenzene and 
(C) Allyleatechol * 


Z1A-UR-RAHMAN, MaAzHAr MAHMOOD QURASHI AND GEORGE HAHN 


Central Laboratories, Pakistan Council of Sctentific and Industrial Research, Karachi 


Introduction 

In previous communications of this series, !,? 
an analysis was given for the viscosity depression 
produced in mineral oils by the additions of 
various proportions of bhilawan shell liquid, 
bhilawanol, and its methylation products. It 
has been previously suggested by various workers3 
that the viscosity depression is attributable 
to the varying degrees of association of the 
phenolic component, and this is supported by the 
fact that the absolute magnitude of the viscosity 
depresion decreases as the number of phenolic 
OH groups per molecule decreases, from 
two in bhilawanol to zero in dimethoxybhila- 
wanol.2 However, an anomaly presented itself 
in the cases of (a) bhilawan shell liquid, which 
exhibits a much larger viscosity depression than 
bhilawanol, whereas its constituents do not con- 
tain more than two hydroxyls per molecule, and 
(b) dimethoxybhilawanol, which has no free 
hydroxyl group, but still shows a marked visco- 
sity depression. This led to a consideration of 
the relation between the viscosity, v, of the pro- 
duct and the viscosity depression, Av, pro- 
duced on mixing it with a mineral oil of the same 
viscosity. The ultimate conclusion was_ that 
this depression is very nearly proportional to the 
quantity v 1-33 over the whole 75-fold range of 
viscosities studied, and that it does not show any 
other direct correlation with the number of free 
hydroxyl groups in the compounds, whence it 
was deduced that the function Ago.33=A (v~ 33 
— 1)/0.33 is the same for all these compounds. 


Especially significant is the fact that this func- 
tion Ap does not become zero suddenly on 
methylation of both the hydroxyl groups, thus 
suggesting that » measures perhaps a more fun- 
damental property of the liquids. In order to 
investigate these suggestions further, it was deci- 
ded to study synthetic phenolic and benzene 
compounds with short side chains, both saturated 
and unsaturated. The present communication 


* The present communication is based in part on a thesis 
submitted by Zia-ur-Rahman for the M.Sc. degree to the 
University of Karachi. 


deals with the results obtained with allylphenol, 
allylbenzene and allylcatechol, all of which have 
the benzene nucleus with a C3;H,; allyl side 
chain. 

2. Preparation of Compounds 


(a) Allylphenol_—A mixture of 188 g. of phenol, 
242 g. of allyl bromide, 280 g. of finely powdered 
calcined potassium carbonate and 300 g. of pure 
dry acetone was refluxed on a steam bath for 
eight hours. A heavy precipitate of potassium 
bromide began to form soon after the refluxing 
started. After cooling, water was added to the 
reaction mixture, and the product was taken up 
in ether and washed twice with 10% sodium 
hydroxide solution. The ethereal solution was 
dried over potassium carbonate and, after removal 
of the ether, the residue was distilled under 
reduced pressure. This gave about 150 g. of 
allyl phenyl ether, boiling at 85°C./ 19 mm. of 
Hg. This is converted into the allyl phenol by 
the Claisen rearrangement, in which the allyl 
group migrates only to the ortho position. 


The allyl phenyl ether was boiled in a flask 
with a reflux tube for about 2$ hours, when the 
rearrangement was substantially complete. The 
product was dissolved in 209% sodium carbonate 
solution, the solution was acidified, and the 
phenol extracted with ether. The extract 
was dried over calcium chloride and_ then 
distilled under reduced pressure. About go g. 
of allylphenol boiling at 103° to 105°C.. under a 
pressure of 19 mm. of Hg were obtained. (Stan- 
dard data are : b.p., g9°C./12 mm. and 220°C./ 
760 mm. of Hg; np?°=1.5453). The comp- 
letion of the rearrangement was confirmed by 
preparing a derivative, viz., 2-methyl-dihydroben- 
zofuran, by reaction in acetic acid with 45% 
aqueous hydrobromic acid, followed by reflux- 
ing for twenty minutes, addition of excess water 
and extraction with ether. The ethereal extract 
was washed with sodium hydroxide, dried, and 
distilled to give a 50% yield of material boiling 
at 86° to 88°C./19 mm. of Hg, a tarry residue 
being left behind. The viscosity of the allyl- 
phenol at 40°C. was found to be 3.107 centis- 
tokes. 
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(b) Allylbenzene.—By reacting 20 g. of mag- 
nesium shavings with a mixture of 78.5 g. of pure 
bromobenzene and 350 ml. of dry ether dropped 
gradually from a dropping funnel, Grignard 
reagent was prepared. Through the dropping 
funnel, 57.5 g. of allyl bromide were added drop- 
wise to the Grignard reagent, and the reaction 
was completed by heating for halfan hour. After 
adding 100 ml. of water and cooling the flask in 
ice-cold water, the ethereal layer containing the 
allylbenzene was separated in a separating funnel, 
washed with a little water and then dried over 
calcium chloride. After removal of the ether, 
the product was distilled in an air bath, the frac- 
tion distilling over between 150—160°C./760 mm. 
of Hg. being collected. By redistillation, the 
pure substance boiling at 155—158°C. was 
obtained. 


(c) Allylcatechol.—132 g. of catechol and 144 g. 
of pure allyl bromide were dissolved in 220 ml. 
of pure dry acetone. Finely divided powdered 
potassium carbonate (freshly heated to remove 
moisture) was added gradually with constant 
shaking, and the mixture was refluxed for 7 hours 
on a water bath, a calcium chloride tube being 
attached to the condenser. After removal of 
the acetone and addition of dilute sulphuric acid, 
the mixture was extracted with ether. By washing 
with dilute alkali, the monoallyl ether and the 
unreacted catechol were removed, the ethereal 
solution being dried and evaporated to give 
30 g. of the diallyl ether. The alkali washings 
were immediately acidified and the oil taken 
up in chloroform. The catechol having been 
removed by repeatedly washing with water, the 
chloroform was evaporated off, and the oil re- 
maining behind was distilled under reduced 
pressure to give 60 g. of pure mono-allyl ether. 


The molecular rearrangement of the mono- 
allyl ether was carried out by heating it in a 
flask fitted with a condenser to 170—180°C. 
in a paraffin bath. The inner temperature rose 
suddenly to 225°C. with momentary boiling, 
the colour of the liquid changing to red. After 
cooling, the product was fractionated under a 
pressure of 16 mm. of Hg and the fraction boiling 
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at 142°—159°C./16 mm. was collected. The 
yield was about 25g. The viscosity of the com- 
pound measured at 40°C. was found to be 13.9 
c.s. Some more of the compound was prepared 
and its viscosity was found to be 18.2 c.s. 1.e. 
about 4c.s. higher than the visocsity of the pre- 
vious lot. Both were redistilled, after which 
concordant viscosity measurements were obtained, 
viz. 18.5g c.s. for the first lot and 18.5, for the 
second lot. 


3. Measurements with Allylphenol 


The viscosity of the allylphenol awas measured 
with U-tube viscometer No. 1 of the B.S.S. pattern, 
supported vertically in a water bath, whose 
temperature was maintained at 40.0° + 0.1°C, 
Drying tubes were connected to the two limbs of 
the viscometer to prevent the entry of moisture, 
and the mean of several readings of the time of 
flow was taken. The mean value obtained for 
the kinematic viscosity at 40°C. was 3.107 C.s. 


A straight mineral oil (B.O.C. ‘H.S.D.’’) 
of nearly the same viscosity was selected, and its 
viscosity was also measured at 40°C. with the 
above-mentioned viscometer and was found to 
be 3.182 c.s. This was considered close enough 
to the viscosity of aliylphenol for carrying out 
measurements of viscosity depression produced 
on mixing. Allylphenol was mixed in various 
proportions with the mineral oil and the kinema- 
tic viscosity of each mixture was measured at the 
fixed temperature of 40°C. The compositions 
of the various mixtures were selected in such a 
way as to obtain a uniform distribution of ex- 
perimental points over the whole length of the 
curve. The viscosities of the pure allylphenol 
and the mineral oil were again measured at the 
end, and were found to be 3.09, and 3.198 c-.s., 
respectively. The experimental results are given 
in Table 1. 


A small correction is required for the differ- 
ence of 0.090 c.s. in viscosity between the allyl- 
phenol and the oil. As discussed in a_ previous 
paper,” this correction can, to a sufficient approxi- 
mation, be applied by assuming the variation 


TABLE 1.—Viscosiry AT 40°C. OF MIXTURES OF ALLYLPHENOL wiTH B.O.C. “H.S.D.” Om. 


Wt% allylphenol=100 x x 0.0 9.5 18.2 28.5 39.0 50.2 59.3 70.6 81.2 90.8 100.0 

Measured viscosity (centistokes) 3.199 2.973 2.872 2.824 2.817 2.814 2.818 2849 2.890 2.964 3.100 
Viscosity for ideal solution (centistokes) 3.199 3.180 3.174 3.164 3.155 3.145 3.137 3.126 3.117 3.108 3.100. 
—Av=viscosity depression (centistokes) 0.000 0.207 0.302 0.340 0.338 0.331 0.319 0.286 0.227 0.144 0.000 
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Fig. 1.—Graph showing the viscosity depression, - Av, observ- 
ed in mixtures of allylphenol with mineral oil (B.O.C. “‘H.S.D”: 
v=3.19 c.s.) 


of the viscosity for ideal solution to be linear with 
composition by weight. The values of the depre- 
ssion, - A v, obtained are given in the last row 
of Table 1, and the corresponding graph is seen 
in Fig. 1. The values of — (av/ax)x=o where 
x are the parts by weight of allylphenol, and 
(-Avm) the maximum depression are obtained 
from the graph as 2.85 c.s./part and 0.34, c:s., 
respectively. 


It will be noted that the viscosity of the 
mineral oil used above is about 3% higher than 
that of the allylphenol. It was therefore thought 
desirable to repeat the above measurements us- 
ing an oil with a viscosity lower than that of the 
allylphenol. Such an oil was prepared by blend- 
ing the “H.S.D.” oil with 1/7 by volume of 
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Fig. 2.—Graphs showing the measured viscosities, vexpt, and 
the calculated viscosity depression for mixtures of allylphenol with 
a mineral oil blend (v==2.83¢ c.s.). vexpt : hollow circles and broken 
line graph. - Av: solid circles and full line graph. 


kerosene oil having a viscosity of 1.15 centistokes, 
and the blend was found to have a viscosity of 
2.84 centistokes. The measurements for the 
mixtures with allylphenol at 40°C. (corrected 
for changing viscosity* of the blended oil) are given 
in Table 2, and are plotted inFig 2 (broken line). 


*It was found that the viscosity of the mineral oil blend increased 
slowly during the course of the experiment, probably due to loss 
of the more volatile kerosene oil. 


TABLE 2.—Viscosiry AT 40°C. oF MIxTURES OF ALLYLPHENOL WITH MINERAL OIL BLEND. 


Wt.% allylphenol=100x 
Measured viscosity (centistokes) 2.835 
Calculated viscosity for ideal solution (centistokes) .. 2.835 
0.000 


Depression —A v 


8.0 16.0 30.1 50.3 67.0 80.0 92.0 100.0 

2.694 2.633 2.661 2.715 2.817 2.900 3.001 3.122 
2.858 2.881 2.921 2.979 3.027 3.065 3.099 3.122 
0.164 0.248 0.260 0.264 0.210 0.165 0.098 .000 
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INFLUENCE OF PHENOLIC ADDITIVES ON THE VIsCcosITy OF MINERAL OILS 


The slightly higher value for the viscosity of 
the allylphenol in this second set of experiments 
may be due to partial oxidation as in the case of 
bhilawanol.!_ The values of viscosity of the various 
compositions on the basis of ideal solution are 
given as before by the straight line AB, and are 
to be found in the third row of Table 2, while 
the deduced viscosity depression, — Av, is given 
in the fourth row of the table. The graph for Av 
is ploted in Fig. 2 (full line), and from it we 
obtain — (av/ax)x=0 = 2.40 C.S./part (— Avm) = 
0.268 c.s., which are both lower than the previous 
values by about 20%. This is quite satisfactory 
when we remember that in Fig. 2 the correction 
for the difference of viscosity between the two 
components of the mixture is about 0.1 centistokes 
as against the corrected value of 0.268 c.s. for 
-Avm. In fact, the degree of agreement between 
the two sets of values (from Figs. 1 and 2) affords 
confirmation of the essential validity of the correc- 
tions. The means of the two values are:— 
[— (av/ax)x = 0] = 2-62 + 0.22 c.s./part and — Avm 
=0.306 40.038 c.s. 


It is to be noted here that when the more 
accurate procedure is adopted and_ vv ideal is 
taken to vary linearly with mole fraction (instead 
of weight%), the mean values obtained above 
remain unchanged, but the standard errors are 
reduced to two-thirds. 


4- Measurements with Allylbenzene 


The measurements for allylbenzene were 
also made by mixing it with two different oil 
blends, namely, (1) kerosene oil and n-heptane, 
and (2) kerosene oil and petroleum ether. The 
viscosities were measured with a _ semi-micro 
viscometer of 1.5 ml. capacity, which had pre- 
viously been calibrated with distilled water at 
several temperatures from 40°C. to 70°C., giving 
the following values of the constants 


A = 0.009,52 
B/50? <0.000,05 


Allylbenzene was found to have a_ viscosity 
of 0.724 c.s. at 40°C., and a blend of kerosene oil 
(v == 1.15 c.s.) with n-heptane (v = 0.33 cs.) 
in the ratio of 2:3 had a viscosity of 0.728 c.s. 
measured at 40°C. in the same _ viscometer. 
Allylbenzene was mixed in various proportions 
(increasing by steps of 10%) with this blended oil, 
with gentle shaking in a stoppered bottle to avoid 
loss of the volatile heptane. As a further pre- 
caution against such a loss during the experiment, 
a fresh mixture was prepared for each concent- 
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ration of allylbenzene in place of the more econo- 
mical method of adding more allylbenzene to the 
mixture used for the lower concentration. At 
least three measurements of the time of flow 
concordant to 1/2% were taken for each concen- 
tration, and their mean was used to calculate 
the viscosity as v = At, the kinetic energy term, 
B/t?, being negligible with the viscometer used 
here. The viscosities of allylbenzene and the oil 
blend were measured at the end of the experi- 
ment and the overall mean values were used. 
The measured viscosites are given in Table 3, 
and are plotted against wt.% allylbenzene in 
Fig. 3 (hollow circles, broken line). A. satis- 
factorily smooth curve can be drawn through the 
points, the standard deviation of the points from 
this curve being nearly 0.003 c.s., which corres- 
ponds to 0.4% of the mean viscosity (0.70 c.s.). 
This compares satisfactorily with the experimental 
accuracy of each viscosity measurement which 
is of the order of 1/4%. As before, the line A; B,; 
represents the viscosity of ideal mixtures of allyl- 
benzene with the blended oil, and both —(av/ax)xeo 
and — Avm can be reckoned from this line as 
reference, giving 


— (av/ax)x=o = 0.22 + 0.05 and 


- Avm = 0.0395 & 0.004. 


The whole series of observations was repeated 
with another oil blend of viscosity 0.727 c.s. made 


ont 0.72 
\ = 
0-724 \e S 
0.71 Lo.70 
= \o / 
~ \ 
0-69 - » 4 
° 
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Fig. 3.—Graphs for viscosity depression, - Av, observed in 
mixtures of allylbenzene with (a) blend of kerosene oil and 
n-heptane, shown by the broken line, and (b) blend of kerosene 
oil and petroleum ether, shown by the full line curve. 
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TABLE 3.—Viscosiry aT 40°C. oF MIXTURES OF ALLYLBENZENE WITH Two MINERAL O1L BLENDs. 


100 x= 0 10.0 21.4 

allyl- 
Mixtures with the < benzene 
oil-heptane blend | 


Viscosity 0.728 0.7195 
{100 x= 
Wt.% allyl- 0 10.3 21.2 


Mixtures with the + benzene 
oil-petrolether blend |} 


Viscosity 0.7275 0.715 0.701, 


from the kerosene oil and pertoleum ether (i.e. 
low-boiling petroleum fraction, b.p. 60—80°C. 
v40=0.44 C.S.) in the ratio of 3:2. The measured 
viscosities of mixtures of this blend with allyl- 
benzene are given in the lower half of Table 3, 
and are shown graphically in Fig. 3, full line 
curve. The standard deviation of the points 
about this curve is 0.002 c.s., i.e. 2/3 of that with 
the previous blend, and the graph yields 


— (av/ax)x=o=0.15+0.03 and 
Avm = 0.0394+0.003. 


This gives the following overall mean values : 


Mean - (av/ax)x=o = 0.18; + 0.03; and 
mean — Avm = 0.0394 + 0.0025. 


It is to be noted that the viscosity of allyl- 
benzene in the second graph is apparently about 
0.6% higher than in the first, which may be 
attributed largely to experimental error. 


5- Experiments with Allylcatechol 


(a) Determination of the Miscibility Curve.—It 
was suspected that allylcatechol might not be as 
readily miscible with minera! oils as are allylphe- 
nol and allylbenzene, and indeed a well shaken 
mixture of 10% allylphenol with 90% of mineral 
oil of viscosity 19 centistokes at 40°C. (blend of 
B.O.C. and H.S.D. ”’ in the ratio of 10:1) 
was found to separate into two distinct layers at 

room temperature (nearly 30°C.). However, 
on heating to 80°C., the allylcatechol dissolved 
completely in the oil. It was therefore thought 
necessary to determine the miscibility curve for 
the two liquids in order that the viscosity mea- 
surements could be made in the region of comp- 
lete miscibility. Mixtures of the allylcatechol 
and the oil in various proportions were taken in 
test tubes, and were slowly heated (with constant 
stirring) in a water bath, and the temperature at 
which the turbidity disappeared was noted for 
each mixture. The bath was allowed to cool, 


0.704 0.698 0.685 0.692 0.691 0.698 


0.6965 


30.1 41.3 49.9 59.8 70.0 80.1 87.0 100 


0.7015; 0.710 0.724 


30.2 40.1 50.4 60.0 70.0 80.0 90.3 100 


0.6925 0.685; 0.694 0.6965 


and the temperature at which turbidity re-appea- 
red was noted, the mean of the two temperatures 
being taken as the miscibility temperature for the 
particular mixture. The results are given in 
Table 4, and the miscibility curve is drawn in 
Fig. 4. The standard deviation of the points 
about the curve is less than 2°C., which agrees 
well with that estimated from the measurements 
in Table 4. It follows from an inspection of 
Fig. 4 that we must work at a temperature of over 
125°C. in order to obtain a reliable value for 
- Avm, which can then be extrapolated to 40°C., 
if we at the same time determine experimentally 
the temperature variation of the viscosity depre- 
ssion.> For obtaining (av/ax )xmo we re- 
quire measurements in the range c—15% allyl- 
catechol, and therefore we need not go much 
above °C. 


(6) Viscosity Measurements—For these mea- 
surements, a B.S.S. pattern U-tube viscometer 
No. 2 was used, which has the advantage of a 
wide capillary, thus lessening the danger of 
clogging errors caused by possible decomposi- 
tion at the elevated temperatures necessary for the 
present measurements. The times of flow are 
also small, of the order of 1 minute, which nece- 
ssitates use of the kinetic energy correction, but 


/25 4 
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x 
754 
° 20 40 60 80 = /00 
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Fig. 4.—Miscibility curve for mixtures of allylcatechol with 
mineral oil of viscosity 19 centistokes at (40°C.), showing that the 
critical solution temperature is 125°C. 
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TaBLe 4.—Muscipitiry TEMPERATURES OF MIXTURES OF ALLYLCATECHOL WITH MINERAL OIL. 


Wt.% allylcatechol 9.8 19.6 35-5 62.5 79.8 QI .9 
7 

Turbidity disappears at (°C.) 88 106 120 125 115 go 

Turbidity appears at (°C.) 62 86 109 124 112 86 

Mean miscibility temperature (°C) 75 96 114 124 114 88 


provides a compensating advantage in that the 
time for which the mixtures are to be heated to 
any one temperature is small, thus lessening the 
errors due to polymerization and decomposition. 


The viscosity of the allylcatechol was measured 
every 20°C. from 40°C. upto 180°C., and an 
oil blend was prepared by mixing B.O.C. “‘ 50”’ 
and ‘‘H.S.D.” oils in proportions of 3 to 2, 
so as to have the same viscosity as the allylcatchol 
in the middle of this temperature range, 7.e., 
at 110°C. This adjustment helps to keep down 
the corrections for difference of viscosity between 
the allylcatechol and the oil blend, which are 
seen in Table 5 below to be less than 10% at the 
extremes of the temperature range. Since it 
was desired to measure (av/x )x=o and 
—Avm, most of the observations were in the first 
instance made with concentrations of allylcate- 
chol between 0°% and 40% by weight, only one 
mixture being made in the range 40% to 100%. 
The quantity of allylcatechol available barely 
sufficed for these measurements, because (a) the 
capacity of the viscometer was about 11 c.c. and 
(b) fresh oil and allylcatechol had to be used for 
each mixture in order to avoid error due to 
increase in viscosity consequent upon heating 
which is of the order of 3% per heating in the 
present case. Each mixture was prepared by 
weighing out the constituents in a covered weigh- 
ing bottle, which was then heated rapidly with 
occasional shaking to nearly 15°C. above the 
corresponding miscibility temperature. The 
clear solution was then sucked up into an air- 
jacketted pipette (Fig. 5) and immediately trans- 
ferred into the viscometer, already fixed in the 
bath, which was maintained about 10°C. above 


GLASS TUBE 


Fig. 5.—Sketch of air-jacketted pipette for transferring’ hot 
solutions into the viscometer. 


the miscibility temperature. (During the transfer 
the temperature of the solution fell by less than 
1¢°C., as was determined by a separate ex- 
periment.) After allowing fifteen minutes for 
the attainment of a steady temperature, the visco- 
sity measurements were carried out as_ before, 
the mean of five to ten observations of the flow 
time being taken as the correct value. The pro- 
cess was repeated at all the desired temperatures, 
care being taken to remain at least 5 to 10°C. 
above the miscibility temperature, so as to avoid 
all possibility of separation of the two constituents 
inside the viscometer. (A redetermination of 
the (maximum) miscibility temperature with the 
oil blend used in the viscosity measurements 
gave a figure of 1204+2°C. for 60% allylcatechol, 
which is 5 degrees lower than _ the value in Fig.4.) 
The measured viscosities are given in Table 5, 
and their standard deviation has been estimated 
as varying from 0.006 c.s. at the lower tempe- 
ratures to 0.003 c.s. at the highest temperature. 


Since the molecular weight of allylcatechol 
is 150, which differs considerably from that of the 
oil blend, estimated at 250 from cryoscopic mea- 
surements, the values of videal for an_ ideal 
mixture have been calculated in Table 5 by 
using molecular proportions in the formula 
videal Va + Xp The deviation 
Av of the measured viscosity from vigeal is 
calculated as Av = vexpt — videgl, and it is 
seen that the values of Av are negative for small 
concentrations of allylcatechol, but are predomi- 
nantly positive in the range 40—80% allyl 
catechol. This abnormal behaviour is strikingly 
shown in the plotsof Av against concentration 
at different temperatures (Fig. 6 (a) and 6 (b)), 
in which another set of observations made with 
60% allylcatechol are also included and the 
broken lines indicate the general trend in regions 
not adequately covered by experimental points. 
The parts of the curves near the origin (2.e. for 
less than 10% allylcatechol) are date to those 
for allylphenol and allylbenzene, while the por- 
tions between 40 and 80% approach the normal 
behaviour only at temperatures well above 180°C. 
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TABLE 5.—MIxTuRES OF ALLYLCATECHOL WITH MINERAL OIL. 


Experimental viscosities and calculated deviations, A v, in centistokes. (The standard error of the experimental values varies from 
+0.006 cs. to +0.003 c.s.) 


0 5.3 10.7 20.0 36.1 83.2 100 (av/ax) x=o 
Temperature 
{ 3.275 3.166 3.183 — 3.772 
80°C. Videal 2.295 3.3556 — 3.772 3.5 /part 
Av 0.000 -0.151 -0.175 _ — 0.000 
 vexpt 2.293 2.217 2.170 2.2188 — — 2.322 
100°C. {  Yideal 2.293 2.295 2.298 2.302 £2 tae. 
Avy 0.000 -0.078 -0.128 -0.084 0.000 
f Yexpt 1.728 1.663 1.621 1.615 1.688 1.611 1.564 4 ~ 
120°C. { ideal 1.728 1.714 1.701 1.680 1.648 1.582 1.564 1.05/ ,, a * 
Ll Av 0.000 -0.051 -0.080 -0.065 +0.040 +0.029 0.000 
{ vexpt 1.523 — 1.421 — 1.443 1.330 
130°C. Videal 1.523 — 1.491 — 1.429 — 1,330 
Avy 0.000 — -0.070 — +0.014 — 0.000 
vexpt 1.307 1.269 4.24 1.257 1.189 1.155 
140°C. { ideal 1.360 1.343 1.326 1.300 1.260 1.177 1.155 0.81/ ,, 
Ll Av 0.000 -0.036 -0.057 -0.059 -0.003 +0.012 0.000 
“ Yexpt 1.096 — 1.038 1.006 0.997 0.932 0.920 
160°C. Videal 1.096 — 1.067 1.044 1.011 0.939 0.920 0.45/ ,, 
Av 0.000 — -0.029 -0.038 -0.014 -0.007 0.000 
, { Yexpt 0.896 — 0.866 0.835 0.813 — 0.787 
180°C. Videal 0.896 — 0.878 0.864 0.843 — 0.787 — 
Ll Av 0.000 -0.012 -0.029 -0.030 — 0.000 
40. 
This is very surprising, since the miscibility temp- tainty of +0.10 due to the possible non-linearity 
erature in this range of compositions lies between of the actual curve, the standard error becomes - 
115°C. and 125°C., and the experimental results -+0.14. The extrapolated value of (av/ax)x=o 
therefore indicate the existence of some special for 40°C. is thus found to be 18.5+2.6 c.s./part. j 
effect that persists far above the miscibility tempe- ' 
rature. The nature of this effect is being studied °. 
further, and will be discussed separately. (It is 6. Conclusions and Discussion ty 
also to be noted that the minimum near 95% Y 
allylcatechol seems to be present in all the curves, The data obtained above on the three members eg 
and probably corresponds to the other minimum of the ailyl series of phenolic compounds are - -0 
on the oil-rich side.) Here, it is sufficient to collected in Table 6, together with their logari- = 
note that (a) the value of — Avm cannot be thms, which are plotted in Fig. 7 (a), the short LY 
estimated with any reliability from the above vertical lines indicating the estimated standard a 
experimental data, and (b) the value of deviations of the corresponding measurements. a 
— ( av/ax )x=o appears to be nearly independent It is seen that a satisfactory straight line can be 
of the disturbing effect noted above, because the drawn through the three points for log  (— av/ 
positive departure of Av is seen to drop very ax)x=o, the deviation from the points being -0 
rapidly as the concentration moves away from about 14 times the estimated experimental error. 
that for the maximum, namely 60% allylcatechol. The slope of the best straight line is found to be 
Since -(4v/ax)x=o varies very rapidly with 1.37+0.07. 
temperature, the quantity — (av/ax)x=o/ vcatechol 
which has a much slower’ variation, was In the case of log {- Avm ), only two points 
calculated from the various graphs and plotted are available, namely those for allylbenzene and ; 
against temperature for extrapolation to 40°C. allylphenol, and the slope of the straight line th Fig. ¢ 
(inset to Fig. 6 (a)). The linearly extrapolated joining these two points is 1.41 40.07, which raed 
value of — ( av/ax )x=o/v catechol is found to agrees very well with that found above for the 130°C, 
be o.gg+o0.10. If we allow a further uncer- logarithmic plot of ( — av/ax )x=o, the mean § [-(evjax) 
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Fig. 6.—Graphs showing Av, the departure from linearity of 
the viscosity of mixtures of allylcatechol with mineral oil at various 
temperatures (a) from 140°C. to 180°C. and (b) from 80°C. to 
130°C. The inset to Fig. 6 (a) shows the extrapolation of 
[- (av/ax) x==0/ catechol] toa temperature of 40°C. 
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Fig. 7.—Logarithmic plots of the viscosity depressions, showing 
(a) the close parallelism of the linear plots for the origin slopes and 
the maximum depression in the allyl series, and (b) the near paralle- 
lism of the two pairs of lines for the bhilawanol series with those 
of the allyl series, and the upward displacement of the lines for 
the allyl series. 
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TasBLe 6.—Co..Lectep Data on Viscostry DEPRESSION IN THE ALLYL SERIEs (VIscOsITy IN STOKES). 


av 
Compound - (2 — AvmX 100 log v log(_ =) = 
vX 100 ? 
x 100° 
Allylbenzene 0.726 0.18;+0.035 0.03940 .025 3.862. 3.268 4-596 
Allylphenol 3-100 2.62+0.22 0.306+0.038 2.492 2.418 3.486 
Allylcatechol 18.6 18. 442.8 1.270 1.266 
of the two values being 1.39+0.04. It is to be the ratio 1.4g+0.15 determined above. More- 


noted here that if mole percentages are used in 
place of weight percentages in calculating 
( -av/ax )x=o, then the slopes remain the 
same, but the graph for log ( — av/ax )x=o, 
is displaced downward by nearly 0.20 units. 


In Fig. 7 (b) the two straight-line plots obtained 
for the ally series are compared with the corres- 
ponding linear plots for the bhilawanol series of 
compounds. The two plots have a common 
region, 2.6 <log v < 1.4, and therefore a com- 
parison is strictly valid in this range. It is seen in 
the first place that the mean slope of the lines for 
the allyl series is a little greater than that for 


the bhilawanol series, but the difference, 
0.06 + 0.05, is not statistically significant, 
and therefore the four lines may all be 


treated as being parallel (with a mean slope of 
1.36+0.03) within the limits ot experimental 
error. Secondly, the lines for the allyl series are 
consistently higher than those for the bhilawanol 
series by 0.17* + 0.05, which is equal to log 
(1.48+0.16), whence it follows that the relative 
magnitude of the viscosity deperssion for the allyl 
series is 1.4g times that in the bhilawanol series. 


A reasonable explanation of this increased 
depression is to be found in the comparatively 
shorter side chain in the allyl series, leading to a 
more dominant effect of the polar (or polarizable) 
phenolic nucleus. In fact, if we calculate the 
fraction of the molar volume occupied by the 
nucleus in the two series, we get for allylphenol 
and dimethoxybhilawanol the values, 0.8 and 
0.4, respectively, whose ratio is comparable with 


* The figure given is the mean of those with ‘x’ as mole fraction 
and as parts by weight. 


over, the above experiments show that, in the 
relations, 


av n+1 n+1 
and Av max«yv > 
ax x=0 


the value of ‘n’ is tolerably independent of the 
length of the side chain, the best experimental 
value for n-+1 being the mean of the slopes of the 
graphs of Fig. 7(b), i.e. 0.03, so that 
n=0.36+0.03. It follows (cf. Part II) that the 
‘n’ for the function $% = (v~"1)/n used 
to describe the behaviour of the above series 
of mixtures should also have the value 0.36+0.03, 
instead of 0.33 obtained from the experiments on 
the bhilawanol series of phenolic compounds. 


The anomalous increase in viscosity observed 
in mixtures containing 30 to 90% of allyl- 
catechol is being studied and the results will be 
reported in a further communication. 
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QUANTITATIVE AND STRUCTURAL ANALYSIS OF KALABAGH IRON ORE BY 
PHYSICO-CHEMICAL METHODS WITH REFERENCE TO ITS BENEFICIATION 


Part IV.—Experiments on Beneficiation of Kalabagh Iron Ore 


A.H. Cuorant, Sapig A. IsuTiag Aut, S.H. Rizvi anD MazHar MAuHMoop QurRASHI 


Central Laboratories, Pakistan Council of Scientific and Industrial Research, Karachi 


Introduction 


The analytical and structural studies on the 
random and representative iron ore samples from 
the Kutch Khartop region of the Kalabagh 
ore-fields reported in earlier communications!,? 
of this series showed that the ore is of a low 
grade, and that its iron content is distributed 
almost equally over four different phases, namely 
hematite («Fez O3;), siderite (FeCO;), limonite 
(Fez03;.H2O.nH2O) and chamosite (3 (Fe,Mg)O. 
Al,03.2Si02.nH,O). The present com- 
munication deals with investigations directed 
towards the development of an efficient and 
economical method for the beneficiation of this 
ore, which contains an average of 34% iron. To 
start with, a combination of the commoner ore- 
dressing techniques were employed in this study, 
and, since a representative sample was not at 
first available, the earlier experiments were carri- 
ed out with hand-picked samples (54% Fe) 
supplied by Mr. A. Karim from the area leased 
out to him, (cf. Fig. 2 (a) in Part II). ! 


Beneficiation of Hand-Picked Samples 


The hand-picked sample from the source 
referred to above appeared to be comparatively 
simple in its composition, being 75% hematite,? 
and it was therefore expected to be amenable 
to the usual methods of beneficiation. The 
samples had a very friable character, and simple 
crushing followed by one pass through a disc 
grinder with about 0.4 mm. clearance between 
discs gave a fine material, 60% of which passed 
through a 72 mesh sieve. The ground material 
was treated in a laboratory flotation unit, using 
water as the medium with very slight frothing 
produced by blowing air, and the heads and 


tailings were found to show a difference of 
6% in iron content, which was considered promis- 
ing. Thereafter, a second run was made with 
considerable air-frothing in the flotation cell. The 
results of these two experiments, which are given 
in Table 1, point to a very definite beneficiation 
of the ore. 


Roasting followed by magnetic separation 
gave a 65%, iron content in the heads. With 
these encouraging results, the work was extended 
to the beneficiation of the representative sample, 
subsequently obtained from the Kuch-khartop 
area,! and the following methods were succes- 
sively tried out on it: (a) dry sieving; (b) wet 
screening; (c) froth-flotation, using a mixture of 
frothing reagents; (d) roasting; (e) wet heating. 


Beneficiation of the Mean Representative 
Sample by Wet and Dry Sieving and 
Flotation 


(a) Dry Sieving —The ore sample was crushed 
and ground, and then sieved using standard B.S. 
sieves (16, 25, 30, 45, 52, 60, 72,85, 100,120 mesh) 
arranged one over the other in cascade formation, 
the whole assembly being shaken electrically for 
twenty to thirty minutes. Analysis of these sieve 
fractions did not show any significant variations 
in their iron content. 


(b) Wet Screening —Wet screening of the mean 
sample was next tried with B.S. sieves of 52, 60, 
72,85,100,120 and 150 mesh. ‘The actual opera- 
tion consisted of taking the sample on a sieve 
and spraying water over it from a shower. The 
material retained over the sieve was collected as 
heads and the washings were collected as tailings. 
Their respective iron contents were estimated, 


TABLE 1.—CONCENTRATION OF HAND-PICKED SAMPLE BY FLOTATION. 


Flotation with partial 


Flotation with air frothing 


frothing 
Treatment None - 
Heads Tails Heads Middlings Tailings 
% iron content .. 54 about about 63 62 46 
58 52 +2 +2 £3 
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and the process was repeated with all the sieves 
individually. The difference in the iron contents 
between the heads and the tailings was in each 
case very small, the maximum observed being 
about 1%. There was, however, a marked colour 
change in the sample, the heads being consider- 
ably darker than the tailings. X-ray powder 
photographs of the heads and tails, however, 
gave almost identical patterns. 


(c) Froth Flotation—Using a standard frothing 
reagent consisting of stearic acid, washing soap, 
starch soluble, and calcium oxide, a beneficia- 
tion of only 1 to 2% in iron content could be 
attained. Simple water classification and _ tabl- 
ing methods were also tried, but without any 
significant success. These results indicated that, 
even with recycling of material in the successive 
wet screening and flotation procedures, no worth- 
while beneficiation and recovery of iron was likely 
to be attained. 


These unsuccessful attempts at beneficiating 
the representative ore contrasted significantly 
with the earlier experiments made on the hand- 
picked sample. At this stage, therefore, it appear- 
ed necessary to review the characteristics of the 
two ore samples, with particular reference to 
their composite phases. As reported earlier,? 
the mean representative sample contains, in addi- 
tion to hematite, several other equally important 
iron-bearing phases, namely, siderite, chamosite 
and limonite, whereas the hand-picked sample is 
mostly hematite. The hematite, siderite and 
limonite are all very rich in iron, while chamosite 
which can be considered as a ferruginous clay, 
contributes the gangue material in the represen- 
tative ore, and any method of beneficiation can 
thus be effective only to the extent it succeeds 
in separating out this phase. Chamosite appears, 
however, to be intimately disseminated through- 
out the ore, a fact which is confirmed by its pres- 
ence in almost equal proportions (estimated from 
X-ray powder patterns) in the heads and tailings 
obtained from the wet screening separation. 


Thus chamosite presents the main problem 
in the process of beneficiation, and as suggested 
by some earlier workers} it may be possible 
only through chemical means. However, 
siderite (FeCO3) and limonite (Fe,0;.nH,O), 
which are both present in the ore in 
appreciable quantities, provide a_ possibility of 
effectively enriching the ore by its thermal 
decomposition into iron oxide with release of 
carbon dioxide and water, respectively. 


Beneficiation by Dry Roasting 


Small samples of the ore were roasted, out of 
contact with air, for half an hour at three different 


temperatures, namely 450°C., 600°C. and 800°C. 
These roasted products became black in colour, 
and were found to contain a magnetic component, 
which could be magnetically separated. The 
nature of the magnetic component and the re- 
lation of the phase transformations with temper- 
ature can best be observed in X-ray powder pat- 
terns, which are shown in Fig. 5 of the preceding 
communication.? It is seen that, with the increase 
in roasting temperature, there is an increasing 
transformation into the magnetic oxide accom- 
panied by a corresponding decrease in the in- 
tensity of the lines due to hematite, siderite, 
limonite and chamosite, indicating the progressive 
breakdown of these phases. From a study of 
the intensity of the chracteristic lines, the percent- 
ages of the different iron bearing phases have 
been estimated, and are given in Table 2 toge- 
ther with the chemical analysis for iron. Both 
these estimates are probably accurate to +1% 
iron. It may be noted that, although the inten- 
sity of the chamosite line has been considerably 
reduced by roasting at 600°C. and 800°C., the 
calculated percentages of iron in the roasted ores 
have had to be estimated on the basis of 30% 
chamosite in all the cases, due to the fact that, 
although the chamosite is attacked, it is not con- 
verted into one of the oxides. 


This table shows that roasting out of contact 
with air at about 800°C. results in a marked 
beneficiation of the ore up to nearly 50% iron 
content. In order to push up the iron content 
still further, the roasted material was passed 
through a magnetic separator and it was found 
that because of its highly ferro-magnetic character, 
the material roasted at 800°C. could best be 
handled under the influence of the residual 
magnetism of the separator (i.e. with magnetis- 
ing current switched off), when about 30% 
could be separated as the more magnetic compo- 
nent. This highly magnetic component analysed 
for 54% iron, and on recycling gave a fraction 
with aniron content of 59% but the recovery of 
iron in this case was quite low (about 20%). 


The dry heat treatment of the ore ina 
non-oxidising atmosphere is thus seen to be of 
importance in that it can raise the iron percent- 
age to a high value of over 50%, with practically 
no loss of the ore as tailings. This beneficiation 
is apparently brought about without release of 
the iron present in the chamosite. It was, there- 
fore, considered of interest to study the effects 
of a related heat treatment, namely reaction with 
superheated steam at temperatures upto 450°C. 
which in the course ofstudies in sulphuraceous 
coals had been found to produce the transforma- 
tion of iron pyrites into the magnetic oxide. 4 
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Beneficiation by Steam-Treatment 


Steam from a superheater was passed into 
a metal reaction vessel maintained at four differ- 
ent temperatures of 300°C., 350°C., 400°C. and 
450°C., respectively,’ one kilogram of the ore 
being treated in each batch. These treated pro- 
ducts were black in colour like the ones obtained 
on dry heating, and were found to be para- 
magnetic. In order to identify the various 
phases, and to study the course of the phase trans- 
formation, X-ray powder photographs of the 
samples were again taken (Fig. 1) and they showed 
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that only a_ small fraction cf the hematite re- 
mains unconverted into the magnetic oxide. 
Table 3 gives an approximate estimate of the 
percentages of the different iron-bearing phases 
in the ore as obtained from the intensities of their 
characteristic lines. (The chamosite contribution 
to the percentage of iron has (as in Table 2) 
been estimated on the basis of 30% in each case, 
although the intensity of its line shows a dimuni- 
tion.) The last column indicates the percentage 
of material removed by playing a small horse- 
shoe magnet over the treated material. From a 
comparison of Fig. 5 of the preceding communi- 


TABLE 2.—X-RAY ANALYSIS OF REPRESENTATIVE SAMPLE AFTER ROASTING. 


°% of the simple iron-bearing phases Intensity % iron 

Sample Treatment » of chamo- Calculat- from 

Fe,O, FeCO; «-Fe,0; Fe2,03.  siteline ed %iron chemical 

at d=6.94A analysis 

Representative — 20 15 10 30 35 34 
ore (untreated) 
Ore roasted 5 20 20 -— 30 36 36 
at 450+ 40°C. 
Ore roasted 42 7 (10) 45 46 
at 6004 40°C. 
Ore roasted 53 — — as (<10) 49 50 


at 800+ 40°C. 


TABLE 3.—X-RAY ANALYSIS OF REPRESENTATIVE SAMPLE AFTER HIGH TEMPERATURE STEAM 


‘TREATMENT. 
% of the iron-bearing phases Intensity 
Sample treatment ~ of the Calculated % of 
Fe,;O, FeCO; a-Fe,0; Fe,0;. chamosite % iron magnetic 
(or y-Fe,O;) H,0 line of part* 
d=6.94A 
Representative —- 20 15 10 30 35 — 
ore (untreated) 
Steam-treated 5 15 20 5 20 37 60 
at 300+ 10°C. 
Steam-treated 27 7 10 — 10 39 83 
at 350+10°C. 
Steam-treated 40 7 6 — (<10) 46 88 
at 4004+ 10°C. 
Steam-treated 50 — 3 — (<10) 48 100 


at 450+ 10°C. 


* These values have been. estimated through separation of the magnetic component by playing a small horse-shoe magnet 
over a weighed (10 g. in each case) quantity of the treated samples. 
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Fig. 1.—Powder patterns of steam-treated samples of ore compared with those of 2-Fe2O3 (hematite) and Fe3O4. The 


directions of the arrows indicate increasing intensity of the corresponding lines. 
between those for dry roasting at 609°C. and 800°C., ¢f. Fig. 5 of Part HTL. 


cation and Fig. 1, it becomes apparent that 
the ore treated with steem at 450°C. is ina 
condition comparab!e with that of the dry roast- 
ed ore at 700°C.- Thus a considerable reduction 
in the temperature of treatment can be effectd 
by the use of super-heated steam. Further- 
more, magnetic separation can, again in this 
case, be useful for increasing the degree of bene- 
ficiation stili further. It was found that the 
steam-treated samples were comparatively weakly 
magnetic and the residual magnetism of the 
magnetic separator (i.e. when the magnetising 
current was switched off) was not enough to 
effect a separation. This might point to the 
production of some y-Fe2,O,; as the magnetic 
phase in place of Fe;Oy,. 


Synopsis of Beneficiation Obtained by the 
Simple Ore-Dressing Methods 


The results of the beneficiation by the differ- 
ent methods that have been tried out above on 
this ore are summarised in Table 4, and the most 
suitable combinations of methods have also been 
indicated. 


This table indicates that the maximum econo- 


mically feasible limit of beneficiation of this ore 


Steam treatment at 450°C. gives a pattern in 
(Patterns taken with filtered Cr K «& radiation). 


by the simple methods of beneficiation is 16-18% 
without magnetic separation, giving a concentrate 
containing 50-52°, iron. Further enrichment 
of this ore to over 56°, iron is clso possible by 


magaetic separation but in this case about half 


the material gets as tailings. 


Beneficiation by Chemical Methods 
Out of several chemical methods examined, 
nitric acid ieaching has been found to be most 
suitab'e and economical for this ore. When the 
ore is treated with nitric acid, al! the metal ele- 
ments form their respective nitrates, which go 
into solution, leaving behind just a smali fraction 
as insoluble residue. The solution containing 
iron and aluminium nitrates as its major cons- 
tituents is then thermally decomposed at a suit- 
able temperature. As there is a wide difference 
in the decomposition temperatures of these metal 
nitrates 5-8 (ferric nitrate decomposes at a low 
temperature of 115-135°C. as against the higher 
decomposition temperatures of 160°C. to 190°C. 
for AI(NO;),; and 600°C. for Ca(NO;)2), it 
is possible to decompose just the ferric nitrate 
into ferric oxide, which can be separated out. 
In this process the other decomposition product, 
nitrogen pentoxide, can be easily recovered as 
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nitric acid by absorption in water, and recycled, 


reducing thereby much of the recurring consump- 
tion of nitric acid. A small-scale laboratory 
operation was carried out as follows. 


The powdered ore (176 g.) was initially roast- 
ed at about 600°C., cooled and then mixed at 
room temperature (33°C.) with 600 ml. of 25% 
nitric acid, which was about 10% in excess of the 
quantity required for dissolving the total iron 
content of the ore. The reaction being exother- 
mic, the temperature of the solution went up to 
nearly 85°C. The solution was continuously - 
agitated and, when after a quarter of an hour, 
the reaction slowed down, the solution was heated 
forfanother quarter of an hour, cooled and then 
filtered. The filtrate containing the metal 


3 
297 
nitrates was then auto-claved in the presence of 
excess of water at a pressure of 30-40 Ib./sq. .inch, . 


the inside temperature of the autoclave being 


140-160°C. At this temperature thé ferric nitrate 
decomposed into ferric oxide and the nitrogen 
pentoxide set free reacted with the excess of water 
to form nitric acid. 


The ferric oxide was obtained as a precipitate, 
which was filtered, washed, and then ignited at 
500°C. to remove the combined water. Some 
idea of the efficiency of this method can be obtain- 
ed from Table 5(a), which gives the results of 
three separate experiments. The recovery of 
iron from the ore is remarkably high, being close 
to 80% in the present experiments, and the ferric 
oxide is obtained in quite a pure form as shown 


TABLE 4.—SYNOPSIS OF BENEFICIATION BY THE SIMPLE ORE DRESSING TECHNIQUES. 


Serial Process of beneficiation % enrichment Estimated Possible combination of processes 
No. tried of iron content tailing loss with °% enrichment attained 
I Grinding and dry sieving .. < 0.5 — (a) Combination of either 2 or 
3 with 4 or 5: enrichment 
of 16 to 18% iron content, 
tailing loss=1/3 
2 Grinding and wet screening .. I-2 1/3 
3 Flotation ‘ 1-2 1/3 (b) Combination of either 2 or 
3 with 4 or 5, followed by 
magnetic separation: en- 
richment of 20-22%, tail- 
4 Roasting at 600-800°C. 12-16 nil ing loss=1/2. 
Steam treatment at 450°C. .. 15 nil 
6 Magnetic separation of roasted 5-8 1/3 


material 


TABLE 5 (a).—RECOVERY OF [RON By LEACHING WITH 25% Hort Nitric Acip. 


Theoretical Weight of 
iron content(g.) (Fe,0;) Percentage 
Expt. Quantity of — of ore sample precipitate recovery of 
ore(g.) (calculated as after ignition(g.) Fe,0, 
Fe,0;) 
I ' 176 84.0 66.6 79-2% Mean 
79-4% 
2 72 34-3 26.1 76.1% 
3 65 31.0 25-7 82.8% 
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TABLE 5 (b).—ANALysIs OF Ferrtc OxipE OBTAINED By Nitric Actp LEACHING OF THE ORE. 


Recovered Fe,0,; from: Iron% Silicon% Aluminium % 
Expt. 1, _ table 5 (a) 66.7 1.26 1.60 
Expt. 2, 69.1 0.28 traces 
Expt. 3, 1 64.8 2.80 1.08 


by the analysis given in Table 5(b). 
Summary 


The results of the present studies in the Kala- 
bagh iron ore may be summed up as follows: 


(a) Richer than average hand-picked samples 
of Kalabagh iron ore are readily amenable to 
considerable beneficiation by routine ore-dress- 
ing methods, and yield a product having 62% 
to 65% iron, which can (in all probability) be 
smelted: by one of the simple and inexpensive 
direct reduction processes. 


(b) The mean representative sample from the 
Kutch Khartop area is much more difficult to 
beneficiate, presumably due to the finely diss- 
eminated chamosite. However, by using a com- 
bination of flotation, roasting in a non-oxidizing 
atmosphere (which does not liberate the iron), 
and magnetic separation, it is possible to attain 
an iron content of 52-56% with over 50% re- 
covery. 


(c) It appears likely that the tailings from the 
magnetic separation can be leached profitably 
with 25% nitric acid, from which the iron oxide 
can be recovered in over 95% purity by decom- 
position at about 150°C. The recovery of iron, 
by this method is found to be nearly 80%. How- 
ever, it is necessary to examine the economics 
of this method in relation to the non-chemical 
beneficiation suggested at (b) above, and other 


iron-making processes, some of which are being 
investigated in these laboratories. 
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A DISCUSSION OF SEVERAL DESIGNS FOR THE LARGE SCALE PRODUCTION 
OF LOW-COST ROOFING IN SMALL HOUSES 


299 


S. Hasan 
Building Research Station, Ministry of Works, Government of Pakistan, Karachi 


_ The large scale construction of low-cost houses 
is of vital significance especially with reference to 
refugee rehabilitation. Experiments carried out 
by Mr. Middleton (housing expert) in the use 
of cement stabilised blocks have not been very 
successful, since, apart from the question of str- 
ength, it has been found that these walls scour 
away easily and develop pits on the surface. 


This is largely attributable to the fact that the | 


conditions in Karachi are different from those 
elsewhere as the concentration and quality of 
alumina in the local soil does not appear to be 
adequate. The walls of quarters constructed 
with soil cement blocks are now being plastered 
with in order to prevent this scouring, which, 
however, means that there is very little economy 
in the total cost. Although this does not mean 
that further investigations into the use of soil 
cement blocks have been finally dropped, the 
best alternative, at present, appears to be the use 
of bajri (gravel) concrete, but with a little less 
cement in order to effect economy. At present 
cement and bajri are used in the ratio of 1:9, 
but a number of private houses have been cons- 
tructed (many of them two storeyed) with a mix 
as leanas 1:18 to 1:15. However, for a quick 
rate of construction, it would not be desirable to 
use a mix leaner than 1:12. 


_ An analysis of the costs of previous construc- 
tions shows that the expenditure on the construc- 
tion of walls of the refugee quarters in the Malir 
and Landhi colonies of Karachi is about 35% 
of the total cost. Some saving can indeed be 
made in this cost by using a leaner mix, as su- 
ggested above, without affecting the durability 
of the walls and the strength would be upto the 
specification. However the most important 
item on which economies are required and can 
be effected is the roofing which accounts for nearly 
half the total cost of construction. The present 
system of constructing the houses with R.C.C 
slabs is time-consuming and requires a heavy 
use of centring, cement and steel. The time 
required for fixing the shuttering and laying 
the slabs, and the period of curing and removal 
of shuttering makes it difficult to use the same 
shuttering more than 2 or 3 times a month. This 
greatly cuts down the speed of construction and 
at the same time increases the cost of the work. 
Attempts have therefore been made to design 
and test several types of roofing that can cut down 


the cost and expedite the construction of small 
houses. Five such designs are discussed below, 
and Table 1 gives a comparative statement of 
materials required for the important items in the 
construction of a single room of 10’x11’ inside 
dimensions. 


1. Precast T-Beams Slab.—This type of roofing 
reduces the quantity of concrete from approxi- 
mately 50 cu.ft. required for one room (10’ x 11’ 
inside) and one kitchen (4’x6’ inside) to about 
go cu. ft. and that of steel from 1.7 cwt. to appr- 
oximately 0.7 cwt. per refugee quarter. It is 
seen that this proposal will reduce not only the 
use of materials which are in short supply but will 
also cut down the time required for the construc- 
tion as the problem of shuttering will be obviated. 
This type of roofing (Fig.1) is similar to R.C.C. 
precast battens and unreinforced tiles for roofing. 
Some of the quarters constructed in the Baldia 
Colony of Karachi have incorporated this type 
of construction. The disadvantages of this type 
of work are that a proper water proofing layer has 
to be provided on top, and that the ceiling surface 
at the bottom is somewhat unsightly. Experi- 
ments were also carried out using only one bar 
of 3/8” in the T precast for the main room spann- 
ing 10’ clear. This type further reduces the 
quantity of steel required from 0.7 cwt. to 0.5 
cwt. including wastage, but the handling be- 
comes more difficult and even slight negligence 
of the labour in handling causes breakage of 
the flanges. After joining these Ts as shown in 
Fig. 1, this roofing gave a satisfactory result on 
a load test of 30 lbs. per sq. ft. 


2. Hollow Clay Block Slab—One of the dis- 
advantages of the precast T-beam roofing, namely 
the ugly appearance of the ceiling, can be obviat- 
ed by placing hollow tiles (Fig. 2) in the gaps 
created by T-beams placed at intervals. This 
is a ribbed slab construction with hollow clay 
blocks between the ribs instead of a solid slab, 
and is equivalent to providing a highly heat 
insulating false ceiling. It can be adopted for 
the middle and better classes of accommodations. 
Generally, the tiles are held in position by sup- 
ports and the roofs are laid in situ. This type of 
work increases the cost of the slab as compared 
with the previous method, because shuttering 
and blocks are required. ‘The second disad- 
vantage of the precast roofing, i.e. leakage, is also 
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TABLE I 
Mild steel Block masonry 
Design Type of Concrete — “ in (1:9) cement 
roofing (1:2:4) Asper i/c 10% Centring concrete Cost Remarks 
cu. ft. drawing washing sq. ft. block Rs. 
Ibs. Ibs, cu. ft. 

Standard 40 155 170 110 190 600 Quarters under con- 
R.C.C. struction at Malir, 
slab Landhi, & Drigh 

Village have been 
provided with solid 
R.C.C. slab. 
I Precast 26 68 75 nil 170 460 Moulds for precast- 
T-beams ing will be required. 
II Hollow clay 26 46 51 50 170 500 The clay or hollow 
blocks concrete blocks are 
required. No tempe- 
rature reinforcement 
has been provided 
(Fig. 2). 
III (A) Cast-in- 26 78 86 110 170 480 If temperature rein- 
situ forcement is not pro- 
vided, the _ steel 
required will be 
same as in II. 
(B) Cast-in- 22 80 88 110 170 470 IIIA is better as the 
situ centring is easier 
than III B. 
V_ Vault plain 40 nil nil 110 193 520 No reinforcement has 


been provided. 


Note.—Estimates of design IV have been omitted because of its limited applications in West Pakistan. 


avoided as the slab is cast in situ. Hollow con- 


crete blocks may also be used in place of clay 
blocks. 


3. Cast-in-Situ Slab.—Hollow clay tiles are 
not readily available in quantities in Karachi, 
and in any case they add to the cost of construc- 
tion. Therefore, it would be advantageous to lay 
the slab in situ without these blocks in houses 
constructed for refugees. The centring now 
becomes a bit expensive, but there is still an overall 
saving. A temperature reinforcement has also 
been provided in the slab portion (Fig. 3) to 
avoid cracks or leaking during the rainy season. 
If steel is available in the required quantity, this 
method will be the cheapest and the best as it 
avoids leakage. 


4. Precast Beams and Tiles with a Mud Topping.- 
A United Nations expert, Dr. O.H. Koenigs- 
berger, who recently visited Pakistan suggested 
that, for houses built in West Pakistan, a 4” earth 
topping is desirable to keep them cool in summer 


and warm in winter. 


Different types of sections have been tried 
with 4” mud mixed with ‘bhusa’ and ‘gobri’ 
mud plastering on top. Sketches of the two suit- 
able types have been shown in Fig. 4, but the 
quantities required in this method are not 
included in Table 1 as it is not recommended for 
Karachi. The superstructure, according to 
West Pakistan conditions, shall be in 9” thick 
B. Brick masonry for outer walls and 4 1/2” 
thick B.B. masonry for inner walls in a set of 
two rooms. 


5. Vault Roof—This design shown in Fig. 5 
has the special feature that no reinforcement is 
required. It is generally considered that this 
type involves costly shuttering, but if the “‘dhola”’ 
system as generally used in Punjab is adopted 
the required centring costs no more than in case 
of a conventional type of roofing if only a few 
houses are to be constructed. For large numbers 
of houses, steel centring will also be equally 
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PRECAST ROOFING FOR WEST PAKISTAN 


economical. 


Mr. Chandulal C. Dangoria, Divisional En- 
gineer, Hyderabad Improvement Board, is 
probably the first engineer to introduce plain 
cement concrete vaulted roofs to replace costly 
methods of construction such as R.C.C. solid 
slab. Later on, it was pointed out by Mr. R.G. 
Gokhale, Assistant Executive Engineer, C.P. 
W.D., that Mr. Dangoria has made some in- 
‘corect assumptions in designing the vaulted roof 
and that this type of roofing would be unsafe 
and uneconomical. The following analysis 
however is found to lead to a workable design 


for a vault roof, taking our conditions into con- 
sideration, which are: 


(1) Refugee quarters are to be designed for 
single storey. 


(2) The superimposed load can be assumed 
to be 20 Ibs. per sq. ft. as the roofs are inaccessible. 


As the quarters are to be single storeyed, a 
15” rise at centre has been adopted, which is not 
only required for reducing the thrust, but also 
increases, the headway. Therefore, in this type 
of roofing 8’ high walls (above the plinth level) 
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will give a better appearance and greater comfort 
than 8’-3” high walls in case of the refugee houses 
constructed with solid R.C.C. slabs. 


Let A and B be a rigid frame and C an arch 
inside frames (Fig. 5a). Let S be the span and 
S/8 the rise, W_ be the load per sq. ft., and H.T. 
be the horizontal thrust and B.M. the bending 
moment. 


(i) If the slab is vaulted one way only and 
is rigid at the ends, then 


H.T. x S/8 = WS2/8 
or H.T. = WS 
and B.M.=H. T. x S?/12 lbs ft. 
= WS3 lbs. inches 


(ii) If the slab 1s vaulted both ways, the B.M. 
will be half that calculated above, i.e. 


B.M. = WS3/2 in lbs. 


Thickness of arch width of the vault is limited 
by the modulus of elasticity of plain cement conc- 
rete, as in case of pipes under external pressure, 
the formula being 

T 


Ec’ 


S. TrenzisuLt Hasan 


T = Thickness of arch at crown, S=span of 
arch, Fc=Safe compressure stress of concrete 
600 Ibs. per sq. inch, Ec=20,00,000 Ibs. per sq. 
inch. 


iJ 600 I I 
2X 106 56°” “60 
Therefore, a 2” thickness is adopted in the 
present case. 


Superimposed load = 20 Ibs. per sq. ft. 
Dead load (i/c finishing etc.) = 30 Ibs. 


Therefore W = 50 lbs. 
3 
B.M. = en = 25000 in lbs. 
bd? 


6 


Fe =100 lbs per sq. inch in 1:2:4 concrete 
2 


Assuming b=5",100 X 5 X — 


6 = 25000 


d2 300 
or d = 17.3” 
The thickness provided is 18” as shown in 


Fig. 5(b) and Fig. 5(c) for a room of 10’ x 11° 
inside. 


| 
| 
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STUDIES ON ABROMA AUGUSTA LINN. PART I 


Sapiq Att, AHMAD MusasHarR AHSAN AND GEORGE HAHN 
Central Laboratories, Pakistan Council of Scientific and Industrial Research, Karachi 


Abroma augusta Linn. (Sterculiaceae), called 
“‘olat kambal” in Urdu and ‘“‘devil’s-cotton”’ in 
English, grows throughout the hotter parts of 
India and is mentioned in Chopra’s and subse- 
quently in Nadkarni’s Indian Materia medica. 
According to these authors the roots contain an 
alkaloid in very minute quantity (0.01%) be- 
sides a fixed oil, resins and water soluble bases. 
The leaves and stems are reported to be demul- 
cent, the root bark emmenagogue. 


Some time after having started the present 
investigation the authors came to know that 
Srivastava and Basu! had succeeded in isolat- 
ing from the roots a hygroscopic water soluble 
alkaloid which they named “ abromine” m.p. 
283—85°C. (dec.). Its chlorhydrate showed 
no rotation in aqueous solution. Based on the 
analysis of the chlorhydrate (C, 42.56; H, 8.34; 
N, 8.0; Cl, 24.7) they put up the molecular 
formula Besides this alka- 
loid, they isolated a phytosterol m.p. 153-57°C., 
to which they attributed the formula C;,.H;,O,. 
This sterol too did not have any optical activity 
in benzene solution. The values found were 
C, 81.21; H, 11.56. Its acetate melted at 123- 
128°C. 


Because Abroma augusta is not easily available 
in the West Pakistan market, only one batch of 
20 kg. could so far be investigated. The results 
obtained differ from those reported by Srivastava 
and Basu and are published as a preliminary 
account. 


The coarsely powdered dry roots, the storage 
time of which could not be determined, were 
exhaustively extracted with petroleum ether 
b.p. 60-80°C. and this extract submitted to ad- 
sorption analysis on alumina according to Brock- 
mann (E. Merck) with chloroform as eluate, 
fractions of 30 ml. each being collected. Accord- 
ing to the behaviour of their residues, fractions 
I-g were combined into group I, while fractions 
10-20 formed group II. A fairly pure, crystall- 
ine substance appeared with the fraction 21, 
and finally the fractions 22-50 were united into 
group IV. Group I contained as the main 
substance laths m.p. 247-50°C. (ethyl acetate) 
showing an [a]p35.5= -26° in 1% chloroform 
solution. Found, C, 84.0; H, 11.67; O, 4.26 
m.w. (Rast camphor), 376. Digitonin, Lieber- 
mann, Burchardt and Salkowsky tests were nega- 


tive. The infrared spectrogram furnished a 
strong band at 1700 cm.-! indicating a carbonyl 
group. According to the analytical findings 
a formula within the range 
had to be taken into consideration in which only 
the presence of one oxygen atom was certain as 
indicated by the carbonyl group. In agreement 
with this, an oxime m.p. 290-294°C. and a 2,4- 
dinitrophenylhydrazone could be obtained. The 
comparison of these data with those for the already 
known sterols, triterpenes, etc. show that the 
compound is friedelin, which was isolated by 
Chevreul,? Istrati et al.,3 and Friedel.4 In 
order to clearly identify the substance obtained 
from Abroma augusta with friedelin from cork, 
one kg. of cork stoppers were extracted accord- 
ing to the method of Ruzicka et al.5 and Brunn,® 
and friedelin, which is more soluble in the com- 
mon solvents and is present in bigger quantities, 
was isolated. The friedelin obtained from cork 
corresponded with that obtained from Abroma 
augusta, as shown in Table 1. 


TABLE I 
Shape of 
crystals 
Friedelin 247-50°C. -— 22° laths 
(cork) 
Friedelin 247-50°C. — 26° laths 
(Abroma augusta) 


The identity was finally confirmed by the 
infrared spectrogram in Fig. 1. 


Further investigations are in hand to ascer- 
tain whether cerin is also present. Being sparing- 
ly soluble in chloroform it may occur in group 
IV. 


Repeated recrystallisation of the combined 
fractions 20, group II, revealed that it consists of 
a mixture of several constituents, difficult to 
separate by crystallisation. Therefore the several 
parts received according to Table 2 were again 
submitted to adsorption analysis on alumina 
with benzene as eluate. At least two sterols 
could be isolated from the mixture. They may 
be named abromastero! A and B as long as it 
cannot be ascertained that they are indentical 
with any known ones. 
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Fig. 1.—Infrared spectrograms. 


Sterol A, m.p. 126-128°C. [«]p35 -26° in 
1% chloroform solution, [found: C, 82.56; H, 
11.98; O,5.46, m.w. 304 (Rast, camphor)] fits 
into the range of Cy 9-22 H32-33 O. A strong band 
at approximately 3500 cm.—! in the infrared 
spectrogram indicated a hydroxyl group. In 
agreement with this, an acetyl derivative could 
be prepared which melted at 110-112°C. 


Sterol B could be clearly separated from sterol 
A due to the fact that it remained completely 
adsorbed on alumina during the elution with 
benzene, which brought down sterol A. Only 
after adding ether to the benzene could sterol B 
be eluted. However it was still mixed with an- 
other constituent, from which it could only be 
separated by high vacuum sublimation. It 
crystallises in needle shaped aggregates melting 
at 135-137°C. The benzoyl derivatve melted at 
138-140°C. Its melt on resolidification showed a 
play of colours, chiefly blue, which is suggestive 
of 8-sitosterol benzoate 


Experimental 


Extract of Abroma Augusta.—20 kg. of 
the air-dried roots were shredded, coarsely pow- 
dered and exhaustively extracted with petroleum 
ether (b.p. 60-80°C.) by percolation at room 
temperature (30°C.). On removal of the solvent, 
a red oily mass (30.5 g.) remained, which on 
standing over-night deposited increasing amounts 
of crystalline material. 


Notwithstanding the presence of these crystals, 
15.4 g. of that crude mass was dissolved in chloro- 
form (25 ml.) and passed through a column of 
alumina according to Brockmann (E. Merck) 

‘of 45 cm. length, 3.5 cm. breadth containing 
470 g. Elution was done with chloroform, fractions 


of 30 ml. each were collected and the solvent 
removed. 


After preliminary examination, the fractions. 
were combined in the following groups: 


Group I, fractions 1-9 10.8 g. 73% yield 
Group II, fractions 10-20 2.9 g. 19% yield 
Group III, fractions 21 o.o11g. — 

Group IV, fractions 22-50 0.41 g. 2.7% yield 


Investigation of Group I. Isolation of 
Friedelin.—On adding petroleum ether to the 
crude oily mass, a crystallisate was obtained 
(0.82 g.), which on repeated recrystallisation from 
ethyl acetate gave laths of constant m.p. 247- 
250°C. They were readily soluble in chloro- 
form, moderately so in benzene, and sparingly 
soluble in petroleum ether, alcohol, ether and 
acetone. [a]p35 =- 26° in 1% chloroform 
solution. Digitonin, Liebermann, Burchardt and 
Salkowsky tests were negative. 


Calculated for C3, H;9O: C, 84.44; H, 11.81; 
O, 3-75; m.w., 426.7.. Found: C, 84.00, H, 11.67; 
O, 4.26; m.w., 376 (by camphor). 


Oxime.—To 0.8 g. of hydroxylamine hydroch- 
loride dissolved in 5 ml. of alcohol, 0.7 g. of 
potassium hydroxide in 5 ml. of alcohol was 
added and this solution was refluxed together 
with 200 mg. of the substance of m.p. 247-50°C. 
for two hours. After cooling it was poured in 
water and acidified with hydrochloric acid. The 
substance coming out was filtered by suction, 
washed and dried. Yield, 140 mg. Recrystallised 
from ethyl acetate and benzene, m.p. 292°C. 
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2,4-Dinitrophenylhydrazone.—200 mg. of the 
substance of m.p. 247-50°C., was dissolved in 
5 ml. of glacial acetic acid, the solution of 
0.2 g. of 2,4-dinitrophenylhydrazine in 2 ml. of 
glacial acetic acid added and refluxed for half 
an hour. On cooling orange coloured crystals 
were deposited. Recrystallisation from benzene 
= the pure product melting at 296-297°C. 
dec.). 
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Investigation of Group If. Isolation of 
Abromasterol A.—By treatment of the crude 
material (2.9 g.) with petroleum ether, a crystal- 
lisate was obtained (1.53 g.), which was further 
recrystallised according to Table 2. 


TABLE 2 
1.53 g- from petroleum ether 


Friedelin from cork.—One kilogram of cork Crystallisate another 
0.946 g. again from liquor 
stoppers were exhaustively extracted as such with soieeen wiles Combined 
ethyl acetate in a Soxhlet apparatus in order not en J + 1.056 g. 
to damage them. The extract was processed ' 
according to the description of Ruzicka et al.’ Crystallisate 2 ———-» mother 
and Brunn.® The finally obtained friedelin, 0.48 g. again from liquor 2 
m.p. 247-50°C., showed no difference in appear- _ petroleum ether 
ance and no depression when mixed with the J 
main substance from the first- group of Abroma } 
augusta. The final confirmation gives Fig. 1 (Crystallisate 3 ————> mother 
where the infrared spectrograms of both sub- 0.018 g.,m.p. unsharp liquor 3 
stances are to be seen side by side. 140°C. 0.288 g. 
TABLE 3 
Volume Weight 
Fraction of fraction of residue m.p.°C: Kofler block Remarks 
in ml. in g. 
I II 0.063 Sublimes at approx. Needle shaped crystals solubilities 
180. similar to friedlin. 
2 10 0.026 Partly subl. at 180. Needle shaped crystals mixed with 
Rest melts at 190-200 hexagonal ones 
3 15 0.016 Oil Yellow 
4 10 0.016 Oil Yellow 
5 10 0.043 118-142 Light yellow wax containing clusters 
of needles 
6 10 0.049 117-125 Colourless waxy substance containing 
clusters of needles. 
7 10 0.061 123-127 ~ 
8 10 0.075 123-127 “ 
9 10 0.074 125-128 - 
10 10 0.072 125-128 in 
II 10 0.098 126-130 sie 
12 10 0.086 127-129 - 
13 10 0.051 120-130 em 
14 15 0.010 118-130 a 


0.074 
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The combined residues of mother liquors 1 
and 2 (1.056 g.) were dissolved in 50 ml. of al- 
cohol, filtered from an insoluble part, which turn- 
ed out to be friedelin, and brought to dryness 
again. Its solution in 10 ml. of benzene was 
submitted to adsorption analysis again on an 
alumina column (30 g., 34 cm. length, 0.9 cm. 
breadth), the elution being done with benzene. 
The results are given in Table 3. 


On repeated recrystallisation of the mixed 
residues of fractions 10, 11 and 12 (256 mg.) from 
alcohol, colourless plates (112 mg.) were obtained 
with the constant m.p. 126.5°C. (Kofler block). 


They were readily soluble in chloroform, 
less so in alcohol, benzene, acetone, ether, ethyl 
acetate and petroleum ether. On drying at 
100°C. over phosphorus pentoxide no loss in 
weight was observed. [a]p35 = — 26° in 1% 
chloroform solution. It gave positive Lieber- 
mann, Burchardt, Salkowsky and digitonin tests. 


Calculated for the range Cy9-22H;2-330; 
C,82.54-82-95; H,11.66-12.03; O,5.79-5.02; m.w. 
276.5-318.5. Found: C,82.56; H, 11.38; O,5.46, 
m.w., 304 (camphor). 


Abromasterol A Acetate.—75 mg. of sterol 
A were kept standing for 14 hours at room tempe- 
rature (30°C.) with acetic anhydride in the pre- 
sence of a drop of pyridine. Poured in water and 
kept until the anhypride was hydrolysed, and 
finally filtered by suction. m.p. 110-112°C. 
from alcohol 


Isolation of Abromasterol B.— Attempts 
to further purify the residue of mother liquor 
3 in Table 2 (0.268 g.) by fractional crystallisa- 
tion and adsorption analysis on alumina were 
unsuccessful. It was noted that this fraction was 
completely adsorbed by alumina from petroleum 
ether and benzene solutions as distinct from sterol 
A, which was eluted with benzene. This frac- 
tion, which could only be eluted by adding ether 
to the benzene, was found to consist mainly of 
two types of crystals: one needle shaped m.p. 
135-137°C. (Kofler block), which showed some 
sublimation, the other plate or leave type, in much 
smaller amounts. The whole fraction therefore 
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was subjected to sublimation in high vaccum 
(0.01 mm.), when 70 mg. of the needle shaped 
substance was obtained. As there was a consi- 
derable decomposition in spite of the use of high 
vaccum, the process was not repeated for further 
purification. Instead, on benzoylation of the 
sublimate by treatment with benzoyl chloride 
and pyridine at room temperature colourless 
plates (25 mg.) m.p. 138-140°C. (Kofler block) 
could be obtained. They were sparingly soluble 
in alcohol, readily so in chloroform and ethyl 
acetate. The melt of the subsance exhibited, 
play of colours, chiefly blue, on resolidification 
which is suggestive of 8-sitosterol benzoate. 


Group III fraction 21, consisting of 11 mg. show- 
ed a fairly sharp melting point at 178-184°C. but 
could not be purified further due to its small 
quantity. 

The group IV fraction (0.41 g.) is under 
investigation. 
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STUDIES ON MARINE EDIBLE (TELEOSTII) FISHES 


Part 1.—Distribution of Oil and Vitamin A in the Skin, Flesh and Liver of Edible Fishes 
of Karachi Waters 


A. HAMEED KHAN AND S. AspuL Hag 
Central Laboratories, Pakistan Council of Scientific and Industrial Research, Karachi 


Introduction 


In the course of earlier work on the utilisation 
of shark liver oil as a source of vitamin A,! it 
was noted that the liver oil of sharks caught 
around the Karachi and the Mekran coast was 
severa! times richer in its vitamin A content than 
that from sharks landed around Bombay. This 
has been attributed to the super-abundance of 
prawns and shrimps on the Karachi coast.? It 
was, therefore, considered of importance to extend 
this study te the edible marine fishes of these 
waters, specially because these fishes constitute a 
major item in the diet of the indigenous population 
around these coasts. Statistical data collected by 
Government of 


the Department of Fisheries, 
Pakistan, Karachi, indicate that 


the annual 


landing of edible fishes around the Karachi coast 
is approximately 33 thousand tons out of which 
7,000 tons are consumed by the local popuiation 
and the rest is either cured or utilised for 
manufacturing fishmeal. With regard to their 
palatability, these fishes have been grouped into 
the following three main classes :— 


Class Local names 

A Surmai, rawas, white pomfret and 
black pomfret. 

B_ Sua, aal, boi, palla, hira, dothar and 
dawan. 

C Mushka, khagga and kund. 


Fishes belonging to class “A” are the most 
delicious, but also the most expensive. 


TABLE 1.—THE DistRIBUTION OF VITAMIN ‘A’ IN LIVER, FLESH AND SKIN OIL. 


Liver Flesh Skin 

of the popular Local name p.c Vit. p.c Vit. prc. Vit. 

species name of A per of A per of A per 
oil g-ofoil oil g. of oil oil of oil 

LU. Ew. | 
Clroinemeus Tolooparah.. Leather jacket Aal, Mathiyamach. 4.2 343,390 0.12 4,683 0.8 5610 
Mugil Speigleri Grey Mullet Boi 2.3 5,616 0.806 500 3.0 193 
Thynnus thunnina Tuna Dawan 3.7 201,058 0.9 1,07 4.3 5000: 
Pristipoma olivaceum Pomadasid Dhother 2.4 75,000 0.42 870 2.6 traces 
Lutianus Rivulatus Snapper .. Hira or Muyyo 7-5 100,000 0.7 267 3.7 7842 
Clupea Ilisha Shad or Hilsa Palla 9.9 620 12.8 354 15.4 nil 
Sciaena Dicanthus Drums or Croakers Sua 18.2 26,476 1.2 nil 5.7 nil 
Pelamys Chilensis Striped Mackeral .. Surmai or Kergan 1.5 10,140 0.08 nil 0.607 2637 
Polynumus Indicus Threadfin Rawas or Luckwa 2.5 156,437 0.055 3145 1.3 545. 

Stromateus Sinensis . White Pomfret Achchopitho or Paplet . . 2.3 20,900 1.3 negligible 5.8 nil 

Parastromateus Niger Black Pomfret Kalapitho or Kalachanda 3.9 16,213 2.8 65 11.3 nil 

Arius Serratus Cat fish .. Khagga 2.2 21,000 0.105 nil 0.49 nil 
Platycephalus Scaber Flathead .. Khokker 24.9 2,836 0.14 negligible 0.4 45,819 
Otolithas Ruber Drums or Croakers = Mushka 3.08 20,900 0.66 770 4.2 traces 


310 


Investigation of some of the importanc fishes, 
belonging to all the three groups mentioned 
above, is of particular significance in so far as the 
data obtained can be used in regulating the 
composition of our daily diets with respect to 
vitamin A, proteins and fats, etc. 


The present paper deals with the distribution 
of vitamin A in the skin, flesh and liver of the 
fishes. Although the skin represents a very small 
portion of the body it has been included in the 
analysis because of a possible concentration of the 
oi! and vitamin A in the skin. 


Extraction of Oils 


The oil was obtained by grinding the appro- 
priate tissue with anhydrous sodium sulphate and 
repeatedly extracting with ether. The solvent 
was completely distilled off, the last traces being 
removed under vacuum. 


Estimation of Vitamin A 


A portion of the fresh oil was saponified, the 
unsaponifiable matter after the removal of the 
alkali was taken up in isopropy! alcohol and the 
vitamin A was estimated spectrophotometrically.3 


- The quantity of vitamin A was also estimated 
by means of the Carr-Price4 (antimony trichlo- 
ride) colour reaction, the blue colour produced 
being measured in a Hilger photoeiectric colori- 
meter using filter 70. 


Results for the distribution of vitamin A in 
the oil from the skin, the flesh, and the liver of 
14 very common ¢@eleostit fishes are given in 
Table 1, while Table 2 shows the amount of 
vitamin A per 100 g. of flesh and per g. of the 
liver in various fishes. 


Discussion 


The results in Table 1 show that some of the 
fishes examined, e.g., aal, khokar, sua, etc., have 
oily livers, the muscle being very low in fat. On 
the other hand, some fishes such as palla have 
relatively small livers with little oil in them, but 
have very oily muscle tissue. This observation 
has also been made by other workers, who have 
noted that fishes like cod, haddock, etc., have 
fairly large livers rich in oil, but their flesh is very 
poor in oil content, while salmon has a relatively 
small liver and very oily muscle tissue. 


The livers of aal, dawan, dothar, hira and 
rawas, have an exceptionally high vatamin A 


A. HAMEED Kuan anp S. AspuL Hag 


TABLE 2— SHOWING THE VITAMIN ‘A’ CONTENT 
OF THE FLESH AND THE LIVER. 


Vitamin 
Ain Vitamin 
Name of the species Local name flesh I.U./ A in liver 

100 g. 1.U./g. 
Clroinemus Aal 421 14422 
Tolooparah 
Muzgil Speigleri Boi 400 129 
Thynnus Thunnina Tuna or 963 7439 

Dawan 

Pristipoma Dother 345 1800 
olivaceum 
Lutianus Rivulatus Hira 186 7500 
Clupea Ilisha Palla 4531 61 
Sciaena Dicanthus Sua — 4818 
Pelamys Chilensis Kergan 152 
Polynumus Indicus Rawas 172 3910 
Stromateus Sinensia Achchopitho 606 
Parastromateus Kalapitho 182 632 
Niger 
Arius Serratus Khagga _ 462 
Platycephalus Scaber Khokker — 706 
Otolithes Ruber Mushka 508 643 


content, the liver oil from aai having as much as 
300,000 I.U. of vitamin A per g. As with 
sharks, this can most probably be attributed to 
the eating habits of these fishes. For instance, 
aal, dawan, hira, etc., with high vitamin A con- 
tents are mainly carnivorous, while boi, mushka 
etc. with low amount of vitamin A are plankton 
eaters. 


It will be seen from Table 2 that, the flesh of 
‘A’ class fishes is poor in vitamin A, while their 
livers are quite rich in it. On the other hand, 
‘B’ and ‘C’ class fishes have most of their vitamin 
A in their flesh, the livers containing very little of , 
it. The flesh of palla has a very high vitamin A 
content with 4531 units per 100 g. of flesh, as 


. 
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against 963 units in tuna, which is the next lower 
in this respect (vide Table 2). It is also significant 
that palla is very popular amongst the poorer 
classes of Sind. 


The abnormally high values of vitamin A in 
the skin of some of the fishes is rather peculiar 
and is being further investigated. Since in most 
fishes fat is found in a thin tissue immediately 
under the skin, and aiso in the liver and the flesh, 
it is possible that the high amount of fat in the 
skin of these fishes might account for greater 
vitamin A content (Table 1). Further work on 
teleostii fishes of Karachi waters is in progress. 
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EXAMINATION OF SAFFLOWER OIL FROM INDIGENOUS SOURCES WITH 
REFERENCE TO ITS USE IN THE MANUFACTURE OF PAINTS AND VARNISHES 


MouHAMMAD ASLAM 
Central Laboratories, Pakistan Council of Scientific and Industrial Research, Karachi 


Introduction 


Safflower has become increasingly important 
in recent times because it is exceptionally rich in 
linoleic acid. The safflower oil contains 75-78% 
linoleic glyceride with little or none of the linolenic 
glyceride, which gives it excellent non-yellowing 
and colour retention properties, and makes the 
oil very suitable for the manufacture of oil-modi- 
fied alkyd resins and similar products. The oil 
itself is reported! to dry to a hard film within eight 
hours in the presence of 0.03% Co and 0.3% 
Pb, and can therefore be used to advantage in 
place of linseed oil in the manufacture of oil paints. 


Safflower oil is obtained from the seeds of 
** carthamus Tinctorius,” a thistle-like plant which 
has been cultivated in India, China and Egypt, 
since ancient times for the production of a red- 
dyestuff (carthamin) obtained from the florets, 


recently developed in Australia, in the mid-western 
states of U.S.A., and in some other countries, 
have an oil content as high as 38%.2 Work 
on the cultivation of such varieties has also been 
more recently carried out by Messrs. Sind Land 
Development Farms. Some of the varieties 
developed in the course of this work have been 
examined at the Central Laboratories with special 
reference to the industrial uses of the oil, and the 
results are given in this paper. 


The Content of Oil and its Composition 


The oil contents of four varieties of seeds are 
given in Table 1 and the characteristic constants 


TABLE I 


Oil content%, 


and also for the extraction of edible oil fromthe Varieties - +  Mois- 
seeds. As carthamin has now been compeltely Whole seed Kernel ture 
replaced by aniline colours in the textile field and 
finds only a limited use in cosmetics, the oil-bearing 
varieties of this plant are now being especially Farmseed 37-3 62.0 6.0 
cultivated. They yield little or no dye, and their Fatisa 35-3 62.1 6.1 
commercial value lies mainly in the oil. Whereas Shambat 35:7 63.4 53 
the seeds from plants grown for the carthamin Debra 37.8 62.5 55 
dye had only 22—28% of oil, certain varieties 
TABLE 2.—CHARACTERISTICS OF THE OIL. 
Variety 
Characteristics 
Farm seed Fatisa Shambat Debra 

Specific gravity @ 28°C. 0.9182 0.9183 0.9181 0.9181 
Refractive index @ 25°C 1.4727 1.4723 1.4727 1.4725 
Viscosity @ 30°C. (centistokes) 42 42 42 42 
Acid value 1.9 1.4 4:7 1.9 
Saponification value 192 190 196 1gI 
Iodine value (Hanus) 136 142 136 140 
Thiocyanogen value 77 78.2 77-3 77-9 
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TABLE 3.—ComposiTION OF Fatry AciD GLYCERIDES. 


Variety 
Glyceride 
Farmseed Fatisa Shambat Debra 
Linoleic glyceride% 7 68.0 73.6 67.5 71.8 
Oleic glyceride % yd je is 20.9 16.7 21.6 18.4 
Saturated glycerides%, 9-7 10.9 9.8 
Saturated glycerides °/, (Bertram’s method) .. 12.2 10.3 11.5 10.7 


TaBLe 4.—Dryinc Times (IN Hours) OF SAFFLOWER OIL Fi_ms at 28—30°C. 


Farmseed-shambat Fatisa-Debra 
Drier in oil - 
Touch Hard Tack Touch Hard Tack 
dry dry free dry dry free 
A. Soluble driers 
0.5% Mn a “a 24 36 -- 12 16 72 
0.25% Mn 36 48 14 18 
0.25%Co.. 6 24 — 4 16 
0.3% Pb+0.03% Co 12 18 8 14 48 
0.3% Pb+0.1% Co we 7 16 — 4 8 48 
0.5% Pb+0.1% Co me 7 16 — 4 8 36 
B. Drier metals cooked in oil 
0.5% Pb 28 60 24 36 
0.5% Mn 14 28 9 12 60 
0.25% Mn 26 36 II 15 
0.3% Pb+o.1% Co ‘3 5 12 — 3 6 36 
0.5% Pb+0.1% Co so 5 12 —.: 3 6 30 


The minus sign ‘—’ denotes that the film does not become tack-free. 


‘ 
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of the oil in Table 2, while Table 3 shows 
the composition of the constituent fatty acid 
glycerides. 


The composition of the fatty acids has been 
determined from the iodine and thiocyanogen 
values. In these calculations, no unsaturation 
greater than that of linolenic acid is assumed to be 
present. The absence of linolenic acid was con- 
firmed by determining the proportion of saturated 
fatty acids and calculating the percentage of lino- 
lenic acid by using the following equation, which 
gave a negative value. 


Linolenic acid% = 1.5637 x T. V. — 0.0780 
x I. V.+ 1.3271 x S- 132.71 


Where T. V. is thiocyanogen value, I. V. 1s 
iodine value and § is proportion of saturated 
fatty acids. 


Drying Properties of the Oil 


The drying properties of the oils have been 
studied under the two following conditions: 


(a) after addition of liquid driers of known 
metal concentration, the driers being in 
the form of stabilised solutions of lead, 
manganese and cobalt rosinates in white 
spirit. 

(b) with the incorporation of driers obtained 
by cooking the metallic oxides or acetates 
into the oil. 


Test samples of oil containing the required con- 


centration of driers were painted on glass panels 
and the time taken for the films to dry to touch, 
to hard dry, and to become tack-free (all at room 
temperature) was noted. 


For this study, the oils were divided into two 
batches, the first batch consisting of ‘Shambat’ 
and ‘Farmseed’ varieties, of iodine value 136, 
and the second batch of ‘Debra’ and ‘Fatisa’ 
varieties, of iodine values 140 and 142 respectively. 


The above results show that the drying pro- 
perties of the oil from ‘Fatisa’ and ‘ Debra’ 
varieties are satisfactory with a drier containing 
0.5% lead and 0.1% cobalt. With the same 
driers, ‘Farmseed’ and ‘Shambat’ varieties 
fail to become tack-free, and cannot therefore be 
used as substitutes for linseed and other drying 
oils in the manufacture of paints. 


TABLE 5.—LoaD IN GRAMS FOR RUPTURING OF 
Fitms oF OLEO-REsINOUS VARNISHES INCORPO- 
RATING (a) SAFFLOWER (b) LinsEED OIL. 


Oil length Load in g. 
gallons per r . 
100 lbs. resin. Safflower Linseed 
varnish varnish 
15 280-290 250-260 
25 320-330 300-310 
35 320-330 310-320 


TABLE 6.—WATER RESISTANCE PROPERTIES OF OLEO-RESINOUS VARNISH FILMs. 


Oil Time for disappearance of haze after 
length 
(gallons 
per 100 Oil One hr. Two hr. Four hr. 24 hr. 48 hr. 
Ibs. dip dip dip dip dip 
resin) 
{ Safflower unaffected unaffected unaffected 1—1$ hrs. 6—8 hrs. 
15 
Linseed 2—3 hrs. 10—12 hrs. 
Safflower 8—10hrs. slightly _presists after 24 hrs. 
affected. 
25 
| Linseed re Pe 20 minutes persists after 24 hrs. whiteness, persists after 
24 hours. 
Safflower a 10 minutes 30 minutes persists after 24 hrs. whiteness, persists after 
24 hours. 
35 
L Linseed ” 30 ” 


1 hr. slightly _ persists after 24 hrs. whiteness, persists after 
affected. 


24 hours. 
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Tests on Oleo-Resinous Varnishes incor- 
porating Safflower Oil 


Oleo-resinous varnishes of ‘15’, ‘25’ and 
“35 gallons oil length have been prepared and 
their properties compared with corresponding 
linseed oil varnishes. All the varieties of safflo- 
wer oil examined have been found to be suitable 
for this purpose. The loads for rupturing films 
of the afore-mentioned varnishes on a standard 
scratch-test apparatus have been determined, 
and the values are reported in Table 5. The 
water resistance properties are given in Table 6. 


It appears from the two tables that in both 
series of tests, safflower oil varnishes are slightly 
superior to those based on linseed oil. 


Conclusions 


The oil content of the different varieties deve- 
loped by Messrs. Sind Land Development Farm 
has been found to compare favourably with the 
best reported figures in the literature. The 
present work shows that ‘ Fatisa’ and ‘ Debra’ 


3'5 


varieties can be used satisfactorily either as drying 


oils or for the manufacture of oleo-resinous var- 


nishes. In fact, the performance of the varnishes 
based on safflower oil is found to be somewhat 
superior to that for linseed oil varnishes. The 
extensive cultivation of safflower seed should 
theretore be seriously considered in view of the non- 
availability of linseed and other suitable drying 
oils in the country. 
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A NEW RECORD OF ALTERNARIA NELUMBII ENLOWS AND RAND IN THE 
INDO-PAKISTAN SUB-CONTINENT 


A.B. MALLuIk AND S.A. Qapir JUNAIDI 
Department of Botany, University of Karachi, Karachi 


In October, 1957, a few leaves of Nelumbium 
speciosum were collected from a pond in Sukkur, 
Sind, and were found to show spots of varying 
sizes scattered all over the surface. The spots 
were light to deep brown in colour (deeper colour 
on the upper surface and lighter on the lower 
surface), and were mostly round, oval, elongated 
or irregular in shape, measuring 3x2 mm. to 10x7 
mm. These spots were at first very minute but 
gradually enlarged in size. Microscopic examina- 
tion revealed that the fungus responsible for caus- 
ing the disease was Alternaria. 


The literature on this subject shows that in 
the whole of the Indo-Pakistan sub-continent 
there is no record of this fungus on the particular 
host examined, although in North America, 
Alternaria nelumbii Enlows and Rand has been 
reported on this host. 


In the present investigation, the fungus was 
studied in culture medium (P.D.A.) as_ well 
as on the host and the following observations were 
made, cf. Figs. 1 and 2. Fructification on upper 
surface, conidiophores short, sepatate, light brown 


lou 


Fig. 1.—Alternaria nelumbii Enlows and Rand "on Nelumbium 
Spetiosum. 


Fig 2.—A part of the infected leaf of Nelumbium speciosum. 


in colour, 65 to 130p to 5.9u. Conidia 
muriform deep brown when matured, walls slightly 
coriaceous, oblong to obclavate, rarely globose 
measuring 25 to 56 4X 10, beak slightly longer 
on host leaves than in culture medium. Round to 
globose, one to two celled conidia were also 
frequently observed. 


Locality: Ina pond in the suburbs of Sukkur 
Barrage, Sukkur, Sind. 


Date of collection: October 20, 1957s 


Collected by: S.A. Qadir Junaidi. 


Specimen: At the Mycological Herbarium 
of the Department of Botany, University of 
Karachi, and at the Commonwealth Mycological 
Institute, Kew, Surrey, England (Accession No. 


71908). 
Acknowledgement 
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YARNS AND JUTE FIBRES 


RaBia KHanum* anp Q. A. AHMEDT 
Department of Botany, University of Dacca, East Pakistan 


The fungicidal properties of Jignin acetic acid 
have previously! been studied against several 
fungi including Memnoniella echinata, and. there- 
fore in the present study an attempt has been 
made to find out whether lignin acetic acid could 
be used as rot proofing agent against fungal 
deterioration of cotton yarns and jute fibres. 
Memnoniella echinata and Chaetomium globosum were 
respectively selected as cellulolytic organisms for 
cotton yarns and jute fibres as they were found in 
the previous experiment? by the present authors 
to cause greater degradation of the strengths of 
yarns and fibres. The action of lignin acetic acid 
as a protectant was determined by growing the 
organisms on lignin acetic acid treated and 
untreated cotton yarns and jute fibres, and then 
testing their breaking strength. 


Materials and Methods 


In the earlier work on the use of lignin acetic 
acid as a fungicide,’ a 1% solution had been 
found to check the growth for a period of g days, 
following which a slight growth was recorded. 
Therefore a slightly higher concentration, viz. 2% 
lignin acetic acid solution was used in the present 
study, and was prepared by dissolving 2 g. of the 
chemical in 5 ml. ethyl alcohol? and then mixing 
ing5 ml. water. The cotton threads and. the 
jute fibres were placed on the microscope slides, 
tied at both ends? and then dipped in the above 


solution for 30 minutes. The excess solution was- 
drained off and the material was allowed to dry. 
The slides with threads thus treated were placed 
in a raised condition on two pieces of glass rods 
within petri dishes containing 2 Whatman No. 4 
filter papers. These were then autoclaved at 
15 lbs. pressure for 15 minutes. To each dish 
3 ml. sterilised water was added by means of 
sterilised pipettes. In the experiment both lignin 
acetic acid treated and untreated controls were 
kept along with the inoculated sets of treated and 
untreated sets for comparison. Inoculation was 
done by dusting the respective sets with spores of 
the organisms, M. echinata and Ch. globosum. All 
the sets were incubated at room temperature in- 
side a glass chamber having theoretically 100% 
humidity. 


Samples of cotton yarns and jute fibres were 
examined and tested for the breaking strength 
three times during the six weeks incubation 
period, i.e. every two weeks. Each time the 
yarns and fibres were removed from the petri 
dishes and carefully rinsed in 70 % ethanol 
to remove the fungal growth, after which they 
were washed in distilled water, the excess of 
water drained off and the fibre allowed to dry on 
filter paper. The air dried yarns and fibres were 
conditioned at 65% relative humidity for 24 hours 
before measuring the breaking strength of the 
fibres. 


TABLE 1.—CoMPARATIVE CELLULOLYTIC Activity oF M. echinata ON TREATED AND 
UNTREATED COTTON YARNS AT THREE INTERVALS OF TIME. 


(L.A.A.= Lignin acetic acid) 


Mean breaking weight from ten measurements (in g.) 


Time elapsed 


Control sets 


Inoculated sets 


L.A.A. 


Unvented LAA. 


yarns yarns yarns yarns 
Second week 279-3 276.0 100.4 129.0 
Fourth ,, 273.2 267.8 80.7 94-7 
Sixth ,, 264.3 261.1 48.7 79-4 


*At present Lecturer in Botany, Dacca College, Dacca. 


TAt present Plant Pathologist, Jute Research Institute, Dacca. 
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TABLE 2.—CoMPARATIVE CELLULOLYTIC Activity oF Ch. globosum ON TREATED AND 
UNTREATED JUTE Fipres AT THREE INTERVALS OF TIME. 


Mean breaking weight from ten measurements (in g.) 


Time elapsed Control sets Inoculated sets 


Untreated L.A.A. treated Untreated L.A.A. treated 


fibres fibres fibres fibres 

Second week 41.2 40.9 22.0 35-5 

Fourth _,, 40.1 39-4 12.5 29.5 

Sixth ,, 39.0 $7.1 6.5 19.1 
wen 
90 4 90 90 
40 - 80 
70- 70 
60 — 60 60 
50 - 50 4 
40 - 40 4 
30 30 
20 ~ 20 20 
10 — 10 
9 


2nd week 4th week 6th week 


Fig. I.—Percentage of strength of variously treated cotton 
yarns after three successive periods. 

Control yarns. 

Control yarns treated with L.A.A. 


Memnoniella echinata on L.A.A. treated yarns. 


N 
N 


M. echinata on untreated yarns. 


Results 


After the second, fourth and sixth week of 
incu bation, the fibres were tested for their break- 
ing strength, the individual fibre and yarn being 
clamped one by one to the measuring pan of the 
balance? and the breaking load determined. 
Table 1 shows the results obtained with cotton 
yarns against M. echinata. Results obtained with 
jute fibres against Ch. globosum are shown in 
Table 2. 


Data presented in Table 1 showed that with 


“2nd week 4th week 6th week 


Fig. 2.—Percentage of variously treated jute fibres after 
three successive periods. 


Control fibres. 


Control fibres with L.A.A. 
co Chaetomium globosum on L.A.A. treated fibres. 


Ch. globosum on untreated fibres. 


cotton yarns treatment with lignin acetic acid 
solution as protectant did not prove suitable 
against the deteriorative activity of M. echinata 
(Fig. 1). The percentage of loss in the breaking 
strength of untreated yarns at 14, 28, and 42 days 
harvest pericds was 63, 70 and 82 respectively. 
With lignin acetic acid treated cotton yarns the 
percentage of loss in breaking strength at the 
above three interva's ot time was 53, 65 and 
70 respectively, showing only an insignificant 
im provement over the untreated yarn. 


With jute fibres, however, this treatment 


100 
-7o 
60 
~ $0 
- 40 
20 
| 
= 
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yielded some positive result against Ch. globosum 


as would be noticed from Table 2 and Fig. 2. 
‘The percentage of loss in breaking strength of 
untreated fibres due to Chaetomium at 14, 28 and 
42 days harvest periods was respectively 45, 69 
and 84 while with lignin acetic acid treated 
fibres the percentage of loss in breaking strength 
at three such intervals of time was respectively 
11, 26 and 52. It is probable that the use of lignin 
acetic acid in higher concentrations may prove 
-even more effective. 


319. 
Acknowledgment . 


The authors are indebted to Dr. M. H. 
Khundkar for supplying the lignin acetic acid. 


References 


1. M.I. Ali, Q.A. Ahmed & M.H. Khundkar, 
Pakistan J. Sci. Ind. Research, 1, 79 (1958). 

2. Rabia Khanum and Q. A. Ahmed, 
ibid., this issue. 


320 


INSECT AND FUNGUS PARASITES OF THE COMMON HOUSEFLY MUSCA 
DOMESTICA LINN. 


M. S. Quralsni 
Central Laboratories, Pakistan Council of Scientific and Industrial Resarch, Karachi 


In the course of work on the breeding of 
houseflies for the insecticidal tests carried out at 
these laboratories it has been noted that they are 
attacked by three chalcidoid (order Hymeno- 
ptera) parasites and one fungus parasite. 


Of the three chalcidoid parasites two have 
been identified as Spalangia sp. (family Pteroma- 
lidae)',2, and Dirhinus sp. (family Chalcididae).3 
The third awaits identification. Spalangia sp. 
has frequently been reported as parasitising house- 
fly pupae in different countries of the world but, 
so far as the author knows, no species belonging 
to the genus Dirhinus appears to have been 
previously reported as a parasite of housefly 
pupae. Various Dirhinus spp. have, however, been 
noted as parasites of the genera Ceratitis, Dacus, 
Glossina, Lucilia, Sarcophaga and Wohlfahrtia etc.* 


Life cycles of these parasites have now been 
studied in the laboratory. Spalangia sp. takes 
20-25 days, Durhinus sp. 25 to 30 days and the 
unidentified parasite 30-34 days for completion 
of the life cycle when the temperature varies 
between 78°F. to go°F. and relative humidity 
between 69% to 79%. 


Of these three Spalangia is the most active 
parasite. Dirhinus sp. will successfully parasitize 
and emerge out of almost all pupae if very young 
pupae (fresh to a few hours old) are parasitized. 
In case where older pupae are attacked by 
Dirhinus sp. the pupae develop to an advanced 
stage but the adult flies fail to emerge out and 
later on shrivel inside the pupal shell. The 
development of Dirhinus also seems to be greatly 
affected by temperature. When the minimum 
temperature falls below 76°F. Dirhinus takes 
about 60-70 days as against the normal of 25-30 
days for the completion of its life cycle, and a 
number of parasites fail to emerge. 


Houseflies in the laboratory have also been 
attacked by a fungus which has _ been 
identified as Empusa muscae (order: Entomophtho- 
rales),4 Figs. 1 and 2. This fungus attacks the 
flies during the months of February and March 
in Karachi. The temperature in the laboratory 
varies, during these months, between 85°F. to 
. 73°F. and humidity between 70% to 60%. DDT 


resistant strains of houseflies seem to be much 
more susceptible to the attack of the fungus than 
the non-resistant ones and in March, 1958, the 


Fig. 1.—A housefly killed 
by Empusa  muscae, 
showing the fungus 
spores on the wing, 
and abdomen. 


Fig. 2.—Houseflies killed by Empusa muscae sticking to the 
net wall. 


DDT resistant strains of houseflies were thereby 
completely lost. 
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A CLAVICORN BEETLE ASSOCIATED WITH LAC 


S. MAHDIHASSAN 
Central Laboratories, Pakistan Council of Scientific and Industrial Research, Karachi 


Several years ago, the late Rao Bahadur C.S. 
Misra kindly made available to the author, a 
pound of fresh stick-lac, growing at Pusa, Bihar, 
on ‘ber, Zizyphus jujuba. The area, both geog- 
raphically and ecologically, is similar to that of 
Rajshahi in East Pakistan, so that the present 
note may be of some interest for lac cultivation 
in the latter locality. The above-mentioned 
brood lac was received at Bangalore about 
the middle of Novemeber 1922. While dissect- 
ing individual lac cells, using a binocular micro- 
scope for immediate examination for anything 
requiring critical observation, the author came 
across pupae that appeared to be those of some 
unknown beetle. From this particular sample 
of lac some five pupae were collected, all after 
breaking the cells with a small sharp scalpel. 
The pupae were found externally to the bodies 
of lac insects but within their cells. No larva 
was found which could, otherwise, have been 
dissected to examine the stomach contents and 
ascertain the exact nature of the food and thus 
discover the relationship of the beetle to the lac 
insect. Its presence within the cell was however 
exactly the same, as for example, that of Sil- 
vanus Iyeri, a recognized beetle parasite of lac.1 


Of the female pupae collected, one was laid 
on its back to expose its ventral appearance and 
Fig. 1 was drawn from it. Another was placed 
carefully sideways and its appearance is shown 


Fig. 5.—Macrophotograph of the clavicorn pupae, the larger 
shows the ventral view of the female, the smaller 
two represent the male. 


Fig. 1.—Female pupa of the 


Fig. 2.—Same as Fig 1, 
clavicorn beetle, ventral view. 


side view. 


Fig. 3.—Same as Fig. 1, 


Fig. 4.—Female clavicorn beetle, 


dorsal view. adult, dorsal view. 
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in Fig. 2. These two pupae died, apparently 
due to outside atmospheric conditions, soon 
after the illustrations were made. Figure 3 
shows a dorsal view ot a third larva, which had to 
be left rather sketchy because of the short time for 
which the pupa could be exposed to the ambient 
condition if it was to survive till it could moult, 
which it did, and Fig. 4 was made from it. One 
female pupa, seen ventrally, and two pupae of 
the malé insect were photographed on an 
enlarged scale as shown in Fig. 5. Excepting 
one female (Fig. 3) no other pupa survived to 
become adult. 


Before the last World War, a specimen of 


this particular beetle was sent to a Coleoptera 
specialist, who could not, however, identify it 
with any known species. The specimen had 
become slightly mouldy, but none better could be 
obtained so far. This beetle was not observed 
again by the author in any lac, but it is hoped 
that workers in the Rajshahi region will have an 
apportunity of doing so. 


Reference 
1. Silvanus Iyeri, Current Sci. (India), 24, 418 
(1955)- 


i 
| 
i 
| 
i 
: 
q 
f 
4 
‘ 
| 
« 
H 
} 
; | 
4 


323 


NON-TECHNICAL NOTES 


DENATURANT FOR METHYLATED 
SPIRIT 


The present annual requirement of methyla- 
ted spirits may be assumed to be approximately 
200,000 gallons, but it will probably increase 
along with the general development of the count- 
ry’s technology. Even this present requirement 
is not being met because of the iack of availability 
of dznaturants. Generally, as prescribed by the 
Provincial Governments, caoutchoucine and py- 
ridine are used as denaturants to the extent of 
0.5% each. As there is no industry in Pakistan 
which can supply these materials, they have to 
be imported from abroad at a very high cost, 
nearly Rs. 50 per gallon for either of them. 
Since a total of 1% denaturant is used the cost of 
denaturing one gallon of spirit is 8 annas. Besides 
the high cost these materials are in short supply 
in other countries, and difficulty is therefore 
experienced in obtaining enough for our use. 
As a result of work carried out in the Central 
Laboratories of the Pakistan Council of Scienti- 
fic and Industrial Research, a process has been 
developed to give high yields of caoutchoucine 
from waste rubber. The process essentiaily 
consists in subjecting the waste rubber to dis- 
tillation in a current of super-heated steam in the 
presence of a catalyst, and fractionating the 
distillate and sulphurating it. 


The capital investment in a unit of production 
with an annual capacity of 3000 gailons of dena- 
turant is estimated at Rs. 42,000 with an average 
cost of Rs. 19/8 per gallon of denaturant as against 
about Rs. 50 for imported material. 


Equipment and Raw Materials 
The equipment would consist of the following: 
disintegrator, boiler with super heater, distiilation 


tower, and refluxing equipment. 


The raw materials required in the process 
are: waste rubber, chemicals, and sulphur. 


Pre-Construction Cost Estimation 


(Production capacity = 10 gal. per day on 
3000 gal. per annum). 


Capital expenditure Rs. Rs. 
Equipment .. 15,000 


Building 13,000 
28,000 
Running expenditure (per annum) 
Raw materials 37,680 
Direct wages 5,400 
Containers .. ee 3,000 
Power 1,500 
Contingencies ee 2,000 
Depreciation @ 4% .. 2,800 
52,380 
Indirect expenses 
Promotion of the 1,050 
project @ 2 1/2% on 
Rs. 42,000 (= Ca- 
pital investment) 
Selling expenses 1,800 
Interest on capital @ 4% 1,680 
on Rs. 42,000. 
Insurance @ 2 1/2 % on 1,642 
Rs. 65,000. 
Cost of production of 3000 gallons 58552 


of denaturants 
Average cost per gallon: Rs. 19/8. 


INSULATING TAPES 


A dielectric or insulating material may be 
characterised roughly as having an electric con- 
ductivity of less than 10-6 mhos/cm. Materials 
with conductivities in the range of 10-6-10-3 mohs/ 
cm. are semi-conductors. Usually, mechanical, 
chemical, thermal and cost considerations deter- 
mine the choice of an insulating material. The 
cheapest and the simplest form of insulation is 
the insulating tape made of cloth or paper and 
coated with an insulating material. Even this 
type of insulating material is imported in Pakistan. 
It is estimated that Pakistan consumes annually 
about 3 lakh spools of 1/2” width and 50 yards 
length. A spool of these measurements imported 
from abroad costs about Rs. 2 to Rs. 2/8. 
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As a result of investigations carried out at the 
Central Laboratories of the Council of Scientific 
and Industrial Research, Karachi, it has been 
possible to evolve a process for the manufacture 
of insulating tape from exclusively indigenous 
raw materials. The tape is about 100% above the 


British Standards Specifications (B.S.S.). 


The total capital investment for a unit of 
roduction for manufacturig 300,000 spools 
f; /2”X50 yards) per annum is estimated at app- 
roximately Rs. 2,14,000. The average cost of a 
spool in a unit of this size works out to Rs. 1/7, 
inclusive of overhead expenses, as against the 
present market price of Rs. 2 to Rs. 2/8. 


Process, Equipment and Raw Materials 


The process involves the following unit oper- 
ations: mixing the various ingredients, coating 
of the tape, drying of the tape at controlled tem- 
perature and winding of the tape and cutting 
into spools of required sizes. 


The equipment required for the process con- 
sists of : jacketted vessel with mixing and tem- 
perature control device, bath for coating purpose, 
drying chambers and winding and_ cutting 
machine. 


The raw materials required are: insulating 
medium, vehicle, filler and cloth. 


All these materials are available in the country. 
Pre-Construction Cost Estimation 
(Production capacity =3 lakh spools per annum) 


Capital expenditure 


Rs. Rs. 
Equipment .. 70,000 
Building .. 43,000 
1,13,000 
Running expenditure (for 3 months) 
Raw materials wa 85,275 
Direct labour = 3,330 
Indirect labour a 3,210 
Selling expenses 1,260 
Packages, power, in- 7,865 
terest on capital and 
contingencies 
1,00,940 
Total capital invest- 2,13,940 
ment 


Cost of production of 4,28,763 
3 lakh spools 


Average cost Rs. 1/7 per spool. 


HEAT AND SOUND INSULATION BOARDS 
FROM SUGAR-CANE BAGASSE AND 
OTHER AGRICULTURAL WASTES 


Sugar-cane bagasse, reeds, coconut fibre, 
rice husks and similar other materials find little 
economic use and are wasted in considerable 
quantities. For instance, bagasse which is a by- 
product in the process of cane crushing is mainly 
used as a cheap fuel for boilers in sugar-cane 
factories, but even after meeting the requirements 
of fuel, large quantities are left over as surplus 
for which there is practically no use. 


With a view to utilise these materials, investi- 
gations were undertaken in the Laboratories of 
the Council of Scientific and Industrial Research, 
and it has been possible to evolve a commer- 
cially feasible process for the manufacture of low- 
cost heat and sound insulation boards which 
can be used,in buildings for partitions, false 
ceilings, etc. These boards have a thermal con- 
ductivity of 0.09 (same as glass wool), 1 inch 
thickness of the board being roughly equivalent 
to 10 inches of brickwork in respect of insulation, 
and a tensile strength of go Ibs. per sq. inch. 
These boards can also be used for light weight 
roofs in a sandwich system of water proof material. 
On account of the light weight of the roof, made 
of sandwiched boards, the supporting structure 
and the load-bearing walls need not be as strong 
as would be necessary for any other normal type 
of roof, thus resulting in a considerable amount 
of saving in the overall construction cost. 


The total capital investment for a unit pro- 
ducing annually 60,000 boards of 8’x4"x1” 
thick is estimated at approximately Rs. 5,25,000. 
The average cost per sq. ft. of the board in a 
unit of this size is estimated at 2} annas. The 
market price of similar board is 8 to 10 annas 
per sq. ft. 


Process, Equipment and Materials 


The process of manufacturing these boards 
consists of the following unit operations : shre- 
dding, cooking, mixing and beating, pressing in 


moulds, and drying. 


The process is simple, requiring very little 
specialised knowledge or technicaf know-how, 
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and can be carried out by semi-skilled labour 
with limited overall technological supervision. 


The basic equipment required consists of : 
shredder, pressure cooker, beater, hydraulic 
press, and drying chamber. 


With the exception of the last item which can 
be constructed locally, the other items of the 
equipment will have to be imported. 


The raw materials required in the process 
are: bagasse, reeds, coconut fibre, and chemi- 
cals. 


All these materials are easily available in the 
country. 


Pre-Construction Cost Estimation 


(Production capacity = 
8” X4” X11” per year). 


60,000 boards of 


Capital expenditure Rs. Rs. 
Equipment 350,000 
Running expenditure (per annum) 
DIRECT EXPENSES 
Raw materials 1,01,000 
Direct wages 48,000 
Power ; 15,000 
Contingencies és 6,000 
Depreciation @ 10%.. 45,700 
2,15,700 
INDIRECT EXPENSES 
Establishment 18,360. 
Promotion of the 13,125 
project @ 2 1/2% 
on 5 1/4 lahks (= 
capital investment) — 
31,485 
Selling expenses 12,600 
Interest on capital @ 4% 21,000 
on Rs. 5 1/4 lahks. 
Insurance @ 21/2% on 13,950 
Rs. 5,58,000. 
Total cost of produc- 
tion for 60,000 boards 
25945735 


Cost per board = Rs. 4/14/7, say Rs. 5 
Cost per sq. ft. = Rs. 0/2/6 
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FOUNTAIN PEN INKS 


The making of writing ink is a very ancient 
art. The earliest inks consisted of lamp black 
ground with glue and moulded into sticks which 
were mixed with water before use. Such inks 
were used in the early Egyptian and Chinese 
civilizations as early as 2500 B. C. There are 
references to iron-gailo ink solutions of an iron 
salt, usually ferrous sulphate, in extracts of tannin 
bearing materials dating back to 210 B.C. 
Prior to the modern era of wide spread manu- 
facture and distribution of goods, the making of 
writing ink was a household art. The present 
day writing ink industry, although very old, is 
relatively smail and highly competitive, and the 
exact composition of the product is the individual 
manufacturer’s secret. 


The present annual consumption of fountain 
pen ink, in Pakistan, which has an upward trend 
is estimated at 30,000 gal., valued at about Rs. 
1,000,000, of which about 50% is imported. 


The locally produced inks are, however, of a 
very poor quality, necessitating the continued 
import of high quality inks from abroad. The 
ink produced according to the process developed 
in the Council’s laboratories has been found, 
to be comparable with the best imported brands. 


The total capital investment for a production 
unit with a capacity of 7000 gallons per year is 
estimated at Rs. 100,000, and the average cost of 
one fluid oz. bottle of ink would be 3 annas as 
against one rupee for a similar quality of imported 
ink. 


Process, Equipment and Raw Materials 


The unit processes involved are :_ preparation 
of distilled water, preparation of the various 
solutions, mixing of the solutions, ageing of the 
ink, centrifuging, filling the bottles, capping the 
bottles, labelling, and packing. 


The equipment required consists of : water 
distillation plant, agitators, mixers, filters, 
centrifugal separating machine, mixing tank, 
air tight storage tanks, filling machine, bottle 
capping machine, bottle washing machine, 
labelling machine, and packing machine. 


The last four machines are not very essential 
and can be dispensed with. 


The raw-materials required are : dyes, acids, 
and some chemicals. 
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Pre-Construction Cost Estimation 
(Production capacity = 7000 gallons per year) 


Capital expenditure 


Rs. Rs. 
Equipment .. 28,000 
Building 26,600 
54,600 
Running expenditure (for 6 months) 
Raw materials 13,800 
Direct labour 4,980 
Establishment 6,240 


PATENT NEws 


Rs. Rs. 
Selling expenses - 2,400 
Packages, power, 
interest on capital 
and contingencies 15,000 
42,420 
Total capital investment 97,020 
Say: 100,000 


Cost of production of 7000 gals. of ink per 
year: Rs. 89,855 


Average cost of ink: Rs. 13 per gallon. 


PATENT NEWS 


Abridgements of patent specifications of Pakistani inventors notified as accepted 
during December 6, 1957 to October 3, 1958 in the Part IV of the Gazette of Pakistan 


107598 Chilam for hubble-bubbles and like 
smoking appliances. A.H. Kuan, K. U. Kuan, 
G. U. Kuan ann M. U. Kuan.—The chilam is 
provided with an electrically heated coil. A 
porcelain plate is placed in between the heating 
coil and the tobacco, above which a disc of 
earthen ware or stone is placed. 


107608 Keyboard of typewriting machine in 
Bengali script. A. A. Kuan.—The keyboard 
comprises letter-matrices and type-bodies of 
characters of Bengali for type-writing, teleprint- 
ing, monotyping and lino-typing purposes. 


107691 A hand operated injection moulding 
machine for the manufacture of plastic articles. 
Haji A. A.,Z1a.—The machine comprises a vice 
assembly, die, injection chamber, means for 
heating the injection chamber, means for 
forcing the plastic material into the die and 
means for feeding the plastic material into the 
injection chamber. 


107709 A process for preserving milk, neera 
and like perishable liquids. M. A. KAzm1.—Milk, 
neera and like perishable liquids are preserved 
by filling a bottle or like container with the 
liquid, heating it to a predetermined temper- 
ature, closing or sealing it air-tight at that 
temperature and allowing the bottle or con- 


tainer to cool under air-tight conditions, leaving 
above the liquid a natural vacuum formed by 
the contraction of the heat-expanded liquid. 


107742 A _ mechanical tube well bucket. 
S. M. Ismait.—The bucket comprises three 
piston rings, an operating valve, a bucket to raise 
water from a tube well, a pin, two tube spacers 
of thin metal round the pin for maintaining 
in a central position a connecting rod which is 
attached to the handle of a pump used by hand 
or by machine. The piston rings operate in the 
grooves ordinarily to be found in a piston head, 
as a piston of an ordinary internal combustion 
engine but in an inverted position. 


107743 A hand driven paddy dehusking machine. 
. M. IsmatL.—The machine has a receptacle 
wherefrom paddy is led to a helix and thereon 
to rotor knives mounted on the main shaft. 
The friction resulting from rotor knives, an 
adjustable stripping knife and a perforated 
semicircular sieve dehusks paddy which falls 
out. 


107744 Double locking padlocks. S. M. 
IsmaiL.—The device relates to a_ padlock, 
wherein two ends of a U-shaped hasp or shackle 
are adapted to be unlocked in succession within 
the padlock casing, having the locking mechan 


| 
| 
4 
, 


NoTEs AND NEws 


ism in it by the continued turning movement 
of one and the same key in any direction. 


107859 A process for the simultaneous pro- 
duction of refined shark liver oil and vitamin A 
concentrates alongwith the recovery of other ther- 
apeutically active by-products. S. MAHDIHASSAN, 
M. Mornuppin, S. Magsoop ALI AND S. ABDUL 
Hag.—This journal, 1, 250 (1958). 


107883 <A frame for the protection of paper on 
bail roll rod of typewriting machine. AspuL Wajip. 
A rectangular-shaped frame, made of wire, is 
fitted into a side lock placed at each end of the 
bail roll rod of a typwriter. The device pre- 
vents paper from flying into the typewriting 
machine. 


107923 A type fount for manual and mecha- 
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nical composing in naskh script. A. A. KHAN.— 
In typefounts and typebodies for printing in 
naskh script adapted to be used essentially for 
printing in Arabic, Persian and Urdu, the char- 
acters are cast on the bodies complete with 
dots or other diacritical marks. 


108018 A process for the continuous refining of 
sulphur ore. TQBAL AHMED AND KARIMULLAH.— 
This Journal, 1, 250 (1958). 


108139 Gas plant using cattle dung as fuel. 
Tay Jiranit.—The plant for producing combusti- 
ble gas from cattle dung consists of two mild 
steel drums, one above the other in a telescopic 
arrangement, and two pipes serving as means to 
supply the gas to the burner from the top 
drum. 


NOTES & NEWS 


Making Magnetic Fields Visible 


An interesting method has been devised for 
making magnetic fields visible wherein the pic- 
ture is formed by the light reflected from the faces 
of thin plate-like crystals of «-Fe,O, in an aqueo- 
us suspension. The crystals have a high magne- 
tic anisotropy and therefore they are oriented even 
by a very weak magnetic field without any appre- 
ciable translational motion. [J.App. Phy., 29, 
223 (1958) ]. 


AGR Project 


Sir John Cockcroft in his James Forrest lecture 
released details of the Advanced Gas-Cooled 
Reactor (A G R) project, which the U.K. Atomic 
Energy Authority has been studying for some 
time, with the objective of reducing overall dimen- 
sions and capital cost of reactors by nearly 30% 
through an increase in the surface temperature 
of the fuel elements to about 600°C. Ceramic 
fue! elements, probably beryllium clad, will be 
used in the reactor since experiments have shown 
that such elements have suffered no damage when 
thermo-cycled several hundred times through the 
alpha-beta phase change. The design changes wili 
of course decrease the neutron economy and some 
enrichment will be necessary, possibly in the neigh- 
bourhood of a 30% increase in U?35 content over 


natural uranium. [Nuclear Eng., 3, 140 (1958)]. 
German Honour 
for Dr. Salimuzzaman Siddiqui 


The Diploma of Doctorate of Medicine 
honoris causa conferred upon Dr. Salimuzzaman 
Siddiqui by the Faculty of Medicine of the 
Johann Wolfgang Goethe University of 
Frankfurt on Main, was presented to him at a 
ceremony at the West German Ambassador’s 
residence in Karachi on the 22nd October 1958. 


The citation read out by the West German 
Ambassador, Herr H. C. Podeyn, in the 
presence of a distinguished gathering, said : 


‘‘The medical faculty confers this distinction 
on a scholar who in his country has promoted 
chemical research and teaching in an excellent 
way, who has contributed fundamentally to the 
investigation of alkaloids from rauwolfia and 
other tropical plants, and who has thus 
enriched medicine with valuable drugs.” 


The Ambassador also announced that the 
German Pharmaceutical Society of Tubingen 
had decided to elect Dr. Siddiqui corresponding 
member of the Society, adding that this was 
an international recognition for scientific work 
carried out in Pakistan. 
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Applications Filed in the Patent Office 


The number of applications for patents filed 
in the Pakistan Patent Office during the years 
1951-1957 by persons residing in various countries 
is given below. The period covered under 
each column is from April to March. 


Country 1951-52 1952-53 1953-54 195455 1955-56 1956-57 
Pakistan --' 23 g2 32 38 
U. K. -: 314 314 297 299 287 247 
Switzerland ... 67 65 133 171 151 162 
U.S.A. -- 89 87 115 136 127 121 
Germany .. 56 60 61 72 72 82 
France - 55 39 36 41 44 «270 
Netherlands 13 34 24 28 37 44 
Italy 17 33 33 14 27 30 
Sweden 18 14 9 16 14 «19 
India 6 15 8 7 
Australia 9 5 127 I 6 
Denmark 9 12 12 8 2 6 
Belgium 7 7 6 7 7 10 
Union of 9 6 4 4 8 12 

South Africa 
Japan I 4 2 9 9 12 
Canada 3 5 8 10 9 I 
Liechtenstein — 2 9 7 4 4 
Spain 4 I 4 6 5 5 
Austria os 5 3 — 10 I 2 
Hungary 2 I 4 2 2 5 
Ireland 2 — I 9 
Czechoslovakia — — — 3 6 3 
Morocco — I I 6 4 — 
Tangier — 2 3 — 2 I 
Panama _ 2 4 — I I 
Finland I 1 —-— — 2 3 
Argentina 3 I 1 — 
Philippines .. — — 4 — 1 — 
Luxembourg - I I 
Indonesia — 1 — 1 — 
Yugoslavia .. — — — I 1 
Rhodesia 


Awards for Inventors and Scientists 


The Government of Pakistan have decided to 
give awards to deserving Pakistani scientists and 
inventors of new and useful processes, patents 
for which have either been taken out or have been 
applied for. This is to provide the inventor in 
Pakistan with: (i) opportunities for experimenta- 
tion, development and perfection of inventions and 


(ii) interest in the exploitation of patents. A 
committee consisting of eminent scientists and 
educationists in the country has been set up by the 
Government to examine claims for awards and 
judicious utilisation of the fund. 


Forthcoming International Conferences 


135th Meeting of American Chemical Society ; 
April 5-10, 1959; Boston, Mass., U.S.A. 


International Conference on Co-ordination 
Chemistry; The Chemical Society; April 6-11, 
1959; London. 


5th Worid Petroleum Congress, (Permanent 
Council of the World); May 30 to June 6, 1959; 
New York, U.S.A. 


International Plastics Exhibition and Conven- 
tion (Formerly the British Piastics Exhibition and 
Convention) ; June 17-27, 1959; Olympia, London. 


XVth International Dairy Congress; June 
29 to July 4, 1959; London. 


Fifth International Congress on Glass; June 
29 to July 4, 1959; Munich, Germany. 


Canadian Medical Association, g2nd Annual 
Meeting in conjunction with British Medical 
Association; July 16-24, 1959; Edinburgh, Scot- 
land. 

2ist International Congress of Physiological 
Sciences; August 9-15, 1959; Buenos Aires, 
Argentine. 

10th International Congress of International 
Institute of Refrigeration; August 19-26, 1959; 
Copenhagen, Denmark. 


gth International Botanical Congress. Inter- 
national Union of Biological Sciences (IUES); 
August 19-29, 1959; Montreal, Canada. 


2nd World Conference on Medical Education 
(World Medical Association); August 30 to Sep- 
tember 4, 1959; Chicago, Iilinois, U.S.A. 


gth International Congress for the History 
of Science; August 30 to September 6, 1959; 
Barcelona and Madrid, Spain. 


17th International Congress of Pure and 
Applied Chemistry and 20th Conference of the 
International Union of Pure and Applied Chemis- 
try (IUPAC); August 30 to September 6, 1959; 
Munich, Germany. 


136th Meeting of American Chemical Society; 
September 13-18, 1959; Atlantic City, New 
Jersey, U.S.A. 


American Association for the Advancement of 
Science; Annual Meeting; December 26-31, 1959; 
Denver, Colorado, or: Cleveland, Ohio, U.S.A. 
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MANESTY MACHINES LTD. 
© Tablet Making Machines 

Water Stills 

Drying Ovens 

Mixers, Granulators, etc. 


CLIFFORD PACKAGING MACHINERY LTD. 
© “Newman” Gumming Machines 


MACNEILL & KILBURN LTD. 


ALBRO FILLERS & ENGINEERING CO. LTD. 
@ Liquid & Powder Filling Machines. 


AUTOPACK LTD. 
@ “Ampoule’” Washing Machines 
© “Ampoule” Filling & Sealing Machines 
© -Ampoule’ Cutting Machines 


BRAMIGK & CO. LTD. 
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© “Newman” Labelling Machines. @ Pulverisers & Mikro-Atomisers. 
{ 
Agents: 
MACNEILL & KILBURN LTD. 
| WEST WHARF ROAD, KARACHI. 
Telephone: 32537 
ADAMJEE COURT, EASTERN FEDERAL BUILDING, 
MOTIJHEEL ROAD, QUAID-E-AZAM ROAD, 
P.O. RAMNA, DACCA. CHITTAGONG. 
Telephone 3262 Telephone 5961 


A. Gallenkamp & Co. Ltd., 


London 


Associated Instrument Manufacturers 


(Pakistan) Ltd., Karachi 


B. D. H. Laboratory Chemicals, 
Poole. ‘England 


Cromford Colour Co. Ltd., 
Matlock, England 


FE. Merck, Darmstadt, Germany 
_G.H. Zeal Ltd. 


INDEX TO ADVERTISERS 


Hamdard Trust Laboratories (Pakistan), 


Karachi, Dacca and Lahore 


Karl Kolb, Frankfurt, 


Germany 


Macneill & Kilburn Ltd., 


Karachi 


Marker Alkaloids & Marker 
Pharmaceuticals Ltd., . 
Quetta 


W. Heraeus 


Germany 


GMBH Hanau, 
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PRECIOUS METALS 


IN ANY FORM AND FOR EVERY PURPOSE 
REWORKING AND REFINING 

CRUCIBLES, DISHES, ELECTRODES 

SALTS, CATALYSTS AND SEMI-FINISHED MATERIALS 


LABORATORY HEAT TREATING EQUIPMENT, 
ELECTRICALLY HEATED SUCH AS: 


TUBE FURNACES UP TO 1800°C 
MUFFLE FURNACES UP TO 1000°C 

CHAMBER FURNACES UP TO 1100°C AND 1350°C, RESP. 

DRYING OVENS OF CYLINDRICAL AND RECTANGULAR SHAPE 
VACUUM DRYING OVENS 

VACUUM DESICCATORS 

INCUBATORS OF CYLINDRICAL AND RECTANGULAR SHAPE 
WATER, OIL, AND AIR BATHS 

CRUCIBLE FURNACES 

HOT PLATES 

COMBUSTION FURNACES FOR MACRO AND MICRO ELEMENTARY 


ANALYSES. 


QUARTZGLASS 


PURE TRANSPARENT QUARTZGLASS 

TRANSLUCENT QUARTZGLASS 

QUARTZGLASS FOR OPTICAL PURPOSES 

LABORATORY UTENSILS OF QUARTZ, ELECTRICALLY HEATED 
WATER-DISTILLATION APPARATUSES 

INFRARED RADIATORS 


'W. C. HERAEUS GMBH HANAU (Western Germany) 
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‘(Pakistan) Ltd. 


Associated Instrument Manufacturers 


Representing 
\ 
SALES AGENTS IN PAKISTAN, FOR: 
Laboratory Equipment for Education and Scientific Research 
R. & J. BECK LTD. a oe .. Microscopes and Accessories. 
CHANCE BROS. LTD. a oe .. Optical glass, Colour filters, Microscopes slides and Cover glasses, 
Veridia tubing. 
EDUCATIONAL & SCIENTIFIC PLASTIC LTD. .. Osteological models and demonstration units for medical education. 
GRIFFIN & GEORGE LTD. .. .. Comprehensive laboratory apparatus, instruments and furniture. 
HILGER & WATTS LTD. (HILGER DIVISION) .. Spectrographic equipment, Absorptiometers, Flourimeters, Polarimeters, 
Refractometers, X-Ray diffraction equipment etc., etc. 
JOHNSON MATTHEY & CO. LTD. te .- Laboratory platinum ware. 
JAMES SWIFT & SONS LTD... sa .- Petrological and Metallurgical microscopes and accessories. 
' THE TINTOMETER LTD. “a me Lovibond Tintometers and Comparators. 
Equipment for Survey & Meteorology 
HILGER & WATTS LTD. (WATTS DIVISION) .. Theodolites, Surveying and Engineer’s Levels, A lidades, etc., etc. 
C. F. CASELLA & CO. LTD. .. ate .. Meteorological instruments and apparatus. 
SHORT & MASON LTD. a ne .. Meteorological instruments. 
{ Other Optical Instruments 
BARR & STROUD LTD. es .. Binoculars and Rangefinders. 
BROADHURST CLARKSON & CO. LTD. .. Telescopes. 
Industrial, Marine & Drawing Office Equipment 
CAMBRIDGE INSTRUMENT CO. LTD. .. Electrical process indicators and controllers etc. 
EVERETT EDGECUMBE & CO.LTD. .. .. Electrical indicating and recording instruments etc. 
ISOTOPE DEVELOPMENTS LTD. Br .. Nucleonic equipment for industry. 
LONDEX LTD. .. Automatic electrical control apparatus. 
SMITHS INDUSTRIAL INSTRUMENTS ‘LTD. .. Tachometers, Chronocounters, Remote position indicators, etc. 
CHANCE LONDEX LTD. ae i .. Marine electric lights and Buoys. 
GLENIFFER ENGINES LTD. .. Marine diesel engines. 
STONE CHANCE LTD. we we .. Marine and aerial navigation lighting equipment. 
| E. N. MASON & SONS LTD... a .. Photo-copying, plan printing machines. 
A. G. THORNTON LTD. ee Drawing instruments, slide rules etc. 
4 Medical, meies & Optical Supplies 
f iH COX-CAVENDISH ELECTRICAL CO. LTD. .. Electromedical equipment etc. 
F| GOWLLANDS LTD. .. Diagnostic instruments. 
THE HADLEY CO. LTD. oe .. Spectacle frames. 
i THE UNITED KINGDOM OPTICAL CO. (aaucH & 
; LOMB) LTD. Ee .. Spectacle lenses and blanks. 
Registered Office 
3rd Floor, Mohammadi House 


McLeod Road, Karachi 
Phone : 34326 


THERMOMETERS 


AND 


HYDROMETERS 
ESE. 7ECOn 1888 


High Precision Thermometers and Hydrometers 


Guaranteed accurate and produced to the following specifications:— 
Institute of Petroleum (I. P. 
American Soc. for Testing Materials (A.S. T. M. ) 
British Standards Institution (B.S. 1. 
Standardisation of Tar Products (S. T. P. C.) 


All sizes and ranges of 
“Engraved on Stem” Thermometers 
Spirit and Mercury filled 
All sizes and ranges of 


Specific Gravity, Density and Arbitrary Scale Hydrometers 
Metal Cased Thermometers 


For Oil and Petroleum testing and Industrial and Refinery purposes 


REGO. TRADE +660. TRADE 


Sole Agents in Pakistan for Laboratory and Industrial Thermometers. 
MESSRS. HARDCASTLE, WAUD (PAKISTAN) LTD. . 


Telegrams: *“WAUDCOY” Telephone: 31772 
42-44 Laxmi Building, Bunder Road, Karachi, Pakistan 
Branches: CHITTAGONG No. 1 Jail Road, (Tele 5733) 
LAHORE No. 104 McLeod Road. ( ., 5733) 
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